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.GRICULTURE is no doubt the bans of 
public welfare, becaufe it alone fupplies all the wants 
which nature has connected with our exigence. But the 
arts and commerce form the glory, the ornament, and the 
riches of every polifhed nation; fince our refinement, and 
mutual dependence on each other, have created a new fet 
of wants which require to be fupplied. The cultivation 
of the arts is therefore become alraoft as neceffary as that 
of the ground ; and the true means of fecuring thefe two 
foundations of the reputation and profperity of a flate, 
confift in encouraging the Science of Chemiftry, which 
difcovers their principles. If this truth were not univer- 
fally acknowledged, I might on the prefent occafion give 
an account of the fuccefs with which my labours have been 
attended in this province*. I might even call upon the 
public voice ; and it would declare that, fince the eftablifh- 
ment of lectures on chemiftry, between three and four 
hundred perfons have every year derived advantage from 
instructions in this fcience. It is well known that our an- 
cient fchools of medicine and forgery, whofe fuccefs and 
fplendour are connected with the general interefl of this 
province, are more flourifhing and more numerous fince 
that period. And with the lame confidence I might ap- 
peal to the Public, that our manufactures are daily increa- 
sing in perfection j that feveral new kinds of induftry have 
been introduced into Languedoc; that, in a regular fuc- 
cefiion, abufes have been reformed in the manufactories, 
while the procefies of the arts have been fimpiified ; that 
the number of coal-mines actually wrought is increafed; 
and that, upea my principles, and in coufequence cf my 
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care and attention, manufactories of alum, of oil or 
vitriol, of copperas, of brown red, of artificial pczzo'lana, 
ofcerufe, of white lead, and others, have been eftabliihecl 
in feveral parts of the province. 

Chemiftry is therefore eiTentially connected with the re- 
putation and profperity of a ftate; and at this peculiar 
inflant, when the minds of men are univerfalJy bufied in 
fecuring the public welfare, every citizen is accountable to 
his country for all the good which his peculiar fituation 
permits him to do. Every one ought to haften, and pre- 
fect to fociety the tribute of thofe talents which heaven has 
bellowed on him; and there is no one who is not able to 
bring fome materials, and depofit them at the foot of the 
fuperb .edifice which the virtuous adminiflrators areraifing 
for the welfare of the whole. It is with thefe views that 
i have prefumed to offer to my countrymen the work 
which I at prefent publifh; and I entreat them toexercife 
their feverity upon the intention of the author only, but 
to referve all their indulgence to the work. 

I puhlifh thefe Elements of Chemiihy with the greater 
confidence, becaufe I have had opportunities myfelf of ob- 
ferving the numerous applications of the principles which 
conftitute its bafis to the phenomena of nature and art. 
The immenfe eftablilhment of chemical products which I 
have foimed at Montpellier, has allowed me to purfue 
the development of this doctrine, and to obferve its agree- 
ment with all the facts which the various operations pre- 
fent to us. It is this doctrine alone which has led me to Am- 
plify mod: of the proceffes, to bring fome of them to perfection, 
and to rectify all my ideas. It is therefore with the mod 
intimate confidence that I propofe it. I find no difficulty 
in making, a public acknowledgment that I have for fome 
time taught a different doctrine from that which I at 
prefent offer. I then believed it to be true and folic! ; 
but I did not on that account ceafe to confult nature. I 
have conftantly entered into this refearch with a mind 
eager for improvement. Natural truths were capable of 
fixing themfelves with all their purity in my mind, becaufe I 
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fcad batnfhed prejudice; and infenfiblylfoundmyfeif drawn 
by the force of facts to the doctrine I now teach. Let other 
principles imprefs the fame conviction on my mind ; let 
the fame number of phenomena and facts exhibit them- 
f elves in their favour ; the fame number of happy applica- 
tions to the operations of nature and of art ; let them ap- 
pear to my mind with all the facred characters of truth; and 
I will publifh them with the famqzeal, and with the fame 
mterefL I condemn equally the man who, attached to the 
ancient notions, refpects them fo much as to reject with- 
out mature examination every thing which appears to op- 
pofe them ; and him who embraces with enthufiafm, and 
almofl: without reflexion, the principles of any new doc- 
trine. Both are worthy of companion if they grow old ia 
their prejudices; and both are worthy of blame if they 
perpetuate them. 

I have been careful to banifh all difcuflions from my 
work. That fpinf of party which but too often caufes a 
divifion between perfons who are purfuing the fame ob- 
jects, that tone of bitternefs which predominates in certain 
difputes, that want of candour which is infenfibly pro- 
duced by the movements of felf-love, have but too long 
retarded the progrefs of our knowledge. The love of 
truth is the only paffion which a philofopher ought to 
indulge. The fame object, the fame interefl, tend 
to unite chemifts. Let the fame fpirit infpire them, and 
direct all their labours. Then we (hall foon behold che- 
mifhry advancing in a rapid progrefs; and its cultivators 
will be honoured with the fuffrage and the gratitude o£ 
their countrymen, 

I have endeavoured in this work to explain my ideas 
with clearnefs, precificn, and method. I know by expe- 
rience that the fuccefs of any work, and its various degrees 
of utility, often depend on the form under which the 
doctrine which it contains is difplayed ; and it has accord- 
ingly been my intention to fpare no pains in exhibiting 
the truths which form the bafis of this work in all the 
characters they are juftly entitled to, 
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In compofing thcfe Elements of Chemiftry, I have 
availed myfelf with advantage of all the facts which I 
have found in the works of the celebrated chemifts who 
adorn this age. I have even made no fcruple to follow 
their method in drawing up certain articles ; and have 
transferred into my own work, almoft without alteration, 
thofe facts which I have elfewhere found defcribed with a 
greater degree of precifion and perfpicuity than I might 
have been capable of bellowing on them. This pro- 
ceeding, in my opinion, renders homage to authors in- 
ilead of robbing them. If fuch a proceeding might juftify 
reclamations, Mefl'rs. Lavoifier, De Morveau, Berthollet, 
De Fourcroy, Sage, Kirwan, &c. might eafily declare 
againft me. 

I was well aware that the pretenfion of knowing, difcufs- 
ing and methodically diftributing the whole of ourprefent 
fcience of chemiftry, was an enterprife beyond my ability. 
This fcience has made fo great a progrefs, and its appli- 
cations are fo multiplied, that it is impoflible to attend to 
the whole with the fame care : and it appears to me that 
the writer of an elementary work ought at prefent to 
attend principally to the development of general princi- 
ples, and content himfelf in pointing out the confequen- 
ces, and their applications. In this way of proceeding 
we mail follow the method which has long been pra&ifed 
in the ftudy of the mathematics; the principles of which, 
nearly infulated, and feparated from all application, form 
t\\e firft ftudy of him who means to acquire them. 

To obtain a thorough acquaintance with all the know- 
ledge which has been acquired in chemiftry until our time, 
the chemical part of the 'Encyclopedic Mcthodique may 
be confulted. In this work, the celebrated author gives 
the moft interefting account of the proerefs of the fcience. 
Here it is that he diici-iles the fcveral opinions with that 
candour and energy which become the man of letters whofe 
mind is directed to truth only. Here it is that he has 
made a precious depofit of all the knowledge yet acquired, 
in order to prefent to us in the fame point of view aU 
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which has been done, and all which remains to be done : 
and here, in a word, it is that Mr. De Morveau has ren- 
dered the mod (hiking homage to the truth of the doc- 
trine we now teach ; becaufe, after having combated fome 
of its principles in the firft volume, he has had the cou- 
rage to recant the moment the facts feen in a better point 
of view, and repeated experiments, had fufficiently en- 
lightened him. This great example of courage and can- 
dour is doubtlefs honourable to the learned man who gives 
it ; but it cannnot fail to add flill more to the confidence 
which may be placed in the doctrine which is its object. 

The development of the principles upon which the 
New Nomenclature is eftablifhed, may be found in the 
Elementary Treatife of Chemiftry of Mr. Lavoifier ; and 
I refer likewife to this excellent work for the figure and 
explanation of all the apparatus I fhall have occafion to 
fpeak of. I take this ftep the more earneflly, becaufe, by 
alfociating my own productions to thofe of this celebrated 
chemift, I entertain the hope of fecuring their fuccefs, 
and can deliver them into the hands of the public with 
the greater confidence. 



. . . . 
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.T appears that the ancient nations pof- 
fefied fome notions of chemiftry. The art of working 
metals, which dates from the mod: remote antiquity ; the 
luftre which the Phoenicians gave to certain colours; the 
luxury of Tyre: the numerous manufactures which that 
opulent city included within its walls — all announce a de- 
gree of perfection in the arts, and fuppofe a confiderable 
extent and variety of chemical knowledge. But the prici- 
ples of this fcience were not then united into a body of 
doctrine; they were concentrated in the workmops of the 
manufactures, where they had their origin : and obferva- 
tions alone, tranfmitted from one operator to another, en- 
lightened and conducted the fteps of the anifts. Such, no 
doubt, has been the origin of all the fciences. At firfr. they 
prefented unconnected fa#s; truths were confounded with 
error; time and genius alone could clear up the confufion ; 
and the progrefs of information is always the fruit of flow 
and painful experiment. It is difficult to point out the 
prccife epocha of the origin of chemical fcience ; but we 
find traces of its exiftence in the mod remote ages. Agri- 
culture, mineralogy, and all the arts which are indebted to 
it for their principles, were cultivated and enlightened. 
We behold the original nations, immediately fucceediuy 
the fabulous ages, furrounded by all the arts which fup^ 
plied their wants ;. and we may compare chemiitry to that 
famous river whofe water: fertilize the lands they inun- 
date, but whofe fources are ftill to us unknown. 

Egypt, which appears to have been the nurfe of che- 
ffiiftry reduced to principles, was not flow in turning the 
applications of this fcience towards.a chimerical end; 
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The firft feeds of chemidry were foon changed by the paf- 
fion of making gold. In a moment all the labours of ope- 
raters were direfted towards alchemy alone; the great 
object of ftudy became fixed on an endeavour to interpret - 
fables, allufions, hieroglyphics, &c. J and the indudry of ' 
feveral centuries was confecrated to the enquiry after the 
philofopher's /tone. But though we admit that the alche- 
mids have retarded the progrefs of chemidry, we are very 
far from being difpofed to any outrage on the memory of 
thefe philofophers : we allow them the tribute of edeem to 
which on fo many accounts they are entitled. The purity 
of their fentiments, the Simplicity of their manners, their 
fubmiffion to Providence, and their love for the Creator, 
penetrate with veneration all thofe who read their works. 
The profoundefl views of genius are every where feen in 
their writings, allied with the molt extravagant ideas. 
The mod fublime truths are degraded by applications of 
the mod ridiculous nature; and this aftoniflung contrail 
of fuperflition and philofophy, of light and darknefs, com- 
pels us to admire them, even at the inftant that we can- 
not withhold our cenfure. We mud not confound the feci: 
of alchemids, of whom we fliall proceed to fpeak, with 
that crowd of impodors, that fordid multitude of operators 
at the furnace, whofe refearches were directed to the dif- 
covery of minds capable of being irnpofed upon, who fed 
the ambition of fuch weak minds by the deceitful hope of 
increafing their riches. This lad clafs of vile and igno- 
rant men has never been acknowledged by the true 
alchemids ; and they are no more entitled to that name, 
than the vender of fpecifics on the dage to the honoura- 
ble name of Phyfician. 

The hope of the alchemid may indeed be founded on a 
{lender bafis ; but the great man, the man of genius, even 
at the time when he is purfuing an imaginary object, 
knows how to profit by the phenomena which may pre- 
fent themfelves, and derives from his labours many ufeful 
truths which would have efcaped the penetration of ordi- 
nary men. Thus it is that the alchemids have fuccedively 
enriched pharmacy and the arts with mod of their compofi- 
tions. The ftrong defire of acquiring riches has m 
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times been a pafiion fo general, that this fmgle motive has 
been fuffi.cie.it to lead many perfons to the cultivation of a 
fcience which has more relation than any other to metals; 
which iludies their nature more particularly, and appears 
to facilitate the means of compoiing them. It is known 
that the Abdarites did not begin toconfider the fciences as 
an occupation worthy a reaibnable man, until they had 
feen a celebrated philofopher enrich himfelf by {pecula- 
tions of commerce; and I do not doubt but that the defire 
of making gold has decided the vocation of feveral che- 
mills. We are therefore indebted to alchemy for feveral 
truths, and for feveral chemical profeffors: but this obli- 
gation is fmall in comparifon to -the mafs of ufeful truth 
which might have been afforded during the courfe of feve- 
ral centuries ; if, inftead of endeavouring to form the me- 
tals, the operations of chemifts had been confined to ana- 
lysing them, Amplifying the means of extracting 'them, 
combining them together, working them, and multiplying 
and rectifying their ufes. 

The rage for making- gold was fucceeded by the feduc- 
tive hope of prolonging life by means of chemiitry. The 
perfuafion was eafily admitted, that a fcience which affords 
remedies for ail diforders, might without effort fucceed in 
affording a univerfal medicine. The relations which have 
been handed down to us of the long life of the ancients, 
appeared to be a natural effect of their knowledge in che- 
miilry. The numerous fables of antiquity obtained the 
favour of being admitted among eftablifhed facts; and the 
alchemifts, after having exhaufted themfelves in the fearch 
after the philofopher's (lone, appeared to redouble their 
efforts to arrive at an object fall more chimerical. At this 
period the elixirs of life, the arcana, the polychreft medi- 
cines, had their origin; together with all thofe monftrous 
preparations, of which a few have been handed down 
even to our days. 

The chimera of the univerfal medicine agitated the 
minds of m off men in the fixteerih century; and immor- 
tality was then promifed with the fame effrontery as a 
Charlatan now announces his remedy for every dileafe. 
The people are eafily feduced by thcfe ridiculous proiniies; 

D 
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but the man of knowledge can never be led to think 
that chemiftry can fucceed in reverfing that general law of 
nature which condemns all living beings to renovation, 
and a continual circulation of decompositions and fuccef- 
five generations. This feci gi became an object of 

empt. The enthufiafl Paracelfas, who, after having 
flattered himfelf with immortality, died at the age of forty- 
it at an inn at Saltfbnrg, completed its difgrace. — 
From that moment the fcattered remains of this feci: united 
themfelves, never more to appear again in public. The 
light which began to fhine forth on all fides, rendered it 
secefTary that they mould have recourfe to feerecy and«ob- 
fcurity; and thus at length chemiftry became purified. 

James Barner, Bohnius, Tachenius, Kunckel, Boyle, 
Crollius, Glafer, Glauber, Schroder, &c. appeared on 
the ruins of thefe two feels, to examine this indiVefted 
aggregate, and feparate from the confufed mafs of pheno- 
mena, of truth and of error, everything which could 
tend to enlighten the fcience. The (cct of the adepts, 
urged on by the madnefs cf immortality, had cifcovered 
many remedies; and pharmacy and the arts then became 
enriched with formulas and compofitions, whofe opera- 
tions required only to be rectified, and their applications 
better estimated. 

Nearly at the fame time appeared the celebrated Becher. 
He withdrew chemiftry from the too narrow limits of 
pharmacy. He fiiewed its connection with all the pheno- 
mena of nature; and the theory of the formation of me- 
tals, the phenomena of fermentation, the laws of putre- 
faction, were all comprehended and developed by this 
fuperior genius. Chemiftry was then directed to its true 
object: and Stahl, who Succeeded Becher, reduced to 
certain general principles all the facts with which his pre-* 
deceifor had enriched the fcience. He fpoke a language 
lefs enigmatical; he claffed all the facts with order and 
method; and purged the fcience of that alchemic infection, 
to which Becher himfelf was too much attached. But if 
we confider how great are the claims of Stahl, and how 
few the additions which have been made to his doctrine 
Until idle of this century, we cannot but be aft 



Preliminary Difcoierfe. x:;vit 

imed at the fmall progrefs of the fcience. When we con- 
fult the labours of the chemids who have appeared fince 
the time of Stahl, we fee mod of them chained down to 
the fteps of this great man, blindly fubfcribing to all his 
ideas; and the labour of thinking appeared no longer to 
exifl among them. Whenever a well-made experiment 
threw a gleam of light unfavourable to his doctrine, we 
fee them torment themfelves in a ridiculous manner to 
form a delufive interpretation. Thus it was that the 
increafe of weight which metals acquire by calcination, 
though little favourable to the idea of the fubiraction of a 
principle without any other addition, was neverthelefs 
incapable of injuring this doctrine. 

The almod religious opinion which enflaved all the che- 
mids to Stahl, has no doubt been pernicious to the | 
grefs of chemiftry. But the ftrong defire of reducing 
everything to firft principles, and of eftablifliing a theory 
upon incomplete experiments, or facts imperfectly feeo, 
did not admit of the {mailed obstacles. From the moment 
that analyfis had fhewn fome of the principles of bodies, 
the chemid thought himfelf in poiTcihon of the firft agents 
of nature. He confidered himfelf as authorized to regard 
thofe bodies as elements which appeared no longer fufcep- 
tible of being decompofed. The acids and the alkalis per- 
formed the principal part in natural operations: .and it 
appeared to be a truth buried in oblivion, that the term 
where the artirt flops is not the point at which the Crea- 
tor has limited his power; and that the lad refult of ana- 
lyfis does indeed mark the limits of art, but does not 
fix thofe of nature. We might likewife reproach certain 
chemids for having too long neglected the operations of 
the living fydems. They confined themfelves in their labo- 
ratories, fludied no bodies but in their lifelefs date, and 
were incapable of acquiring any knowledge but fuch as was 
very incomplete: for he who, in his researches, has no 
other object in view than that of afcertaining the princi- 
ples of a fubdance, acts like a phyfieian who fhould fup- 
pofe he had acquired a complete notion of the human 
body by confining his dudies to the dead carcafe. But 
we mud likewife obierve that, in order to form a proper 
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notion of the phenomena of living bodies, it is necetfary 

• to poffefs the means of confining the gafeous principles 

• -which efcape from bodies; and of analyfmg thefe volatile 
and invisible fubftances which combine together. Now 
this work was impoflible at that time; and we ought to 
beware of imputing to men thcfe errors which arife from, 
the date of the times in which they lived. 

It may perhaps be demanded, on this occafion, why che- 
jniftry was fooner known, and more generally cultivated, 
in Germany and in the North than in our kingdom. I 
think that many reafons may be given for this. In the 
firft place, the fcholars of Stahl and of Becher muft have 
been more numerous, and confequently their inftru&ion 
farther extended. Secondly, the working of mines ha- 
ving become a refource necefTary to the governments of 
the North, has been Angularly encouraged ; and that 
chemiftry which enlightens mineralogy muft neceffurily 
have participated in its encouragements *. 

The ftudy of chemiftry did not begin to be cultivated 
to advantage in France until the end of the laft century. 
The fir ft wars of Louis XIV. fo proper to develope the 
talents of the artift, the hiftorian, and the military man, 
appeared little favourable to the peaceable ftudy of nature. 
The naturalift who in his refearches fees union and harmo- 
ny around him, cannot be an indifferent fpe&ator of the 



* Since the French government has facilitated the ftudy of rninera- 
y the , oft fuperbeftablifhments, we have beheld the tafte for che- 
fniftry revive, the arts which have the working of metals for their object 
have been rendered more perfect, and the mines which have been 
wrought are more numerous, Mr. Sage has been more particularly 
afiiduous a j to turn the favour of government towards this ob- 

ject. I have been a witnefs to the laborious attention of this chemift to 
effecl this revol I have beheld the perfonal facrifkes he made to 

bring it forward. I have applauded his zeal, his motives, and his 
talents. The ihne fentiments ftill occupy my mind ; and though I 
leach a doctrine at present which is dtfTei ..*, this circumftance 

ariiesfrorn the impojlibility of commanding opinions. The philofopher 
who is truly worthy of this name, is capable of diftinguifhing the frj 
of hi- heart from the flave of his fyfeem : and, in a word, every one 
ought to write according to his conviction ; the mod faered axiom of 
ates being, « Amicus Plato, fed n»gis itas." 
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continual fcenes of diforder and definition; and his genius 
is crufhed in the midft of troubles and agitations. The 
mind of the great Colbert, deeply penetrated with thefe 
truths, quickly endeavoured to temper the fire of difcord, 
by turning the minds of men towards the only objects 
which could fecure the peace and profperity of the [late. 
He exerted himfelf to render trade flourifhing: he eftab- 
liflied manufactories : learned men were invited from all 
parts, encouraged, and united together, to promote his 
vail projects. Then it was that the ardour of enquiry 
replaced for a time the fury of conquer! ; and France very 
foon flood in competition with all nations for the rapid 
progrefs of the fciences, and the perfection of the arts. 
Lemery, Homberg, and Geoffroy arofe nearly at the 
fame time; and other nations were no longer entitled to 
reproach us for the want of chemifts. From that mo- 
ment the exigence of the arts appeared to be well aiTur- 
ed. All the fciences which afford their firfl principles, 
were cultivated with the greated fuccefs: and it will 
fcarcely be credited that, in the fpacc of a few years, the 
arts were drawn from a Hate of non-entity; and carried to 
fuch a degree of perfection, that France, which had be- 
fore received every thing from foreign countries, became 
inpofTefficn of the glory of fupplying its neighbours with 
models and with merchandizes. 

^ Chemiflry and natural hiftory, however, at the begin- 
ning of this century, were cultivated only by a very fmall 
number of perfcns; and it was then thought that the flu- 
dy of thefe fciences ought to be confined to the academies. 
But two men, whofe names will be ever famous, have 
rendered the tafle general under the reign of Louis XV. 
The one poflefTed that noble fpirit which is a ifranger to 
the power of prejudice, that indefatigable ardour which 
fo eanly overcomes every obftacle, that opennefs of cha- 
racter which infpires confidence, and transfufed into the 
minds of his pupils that enthufiafm of which he himfelf 
felt the force. While Rouelle enlightened the fcience of 
chemiflry, BufTon prepared a revolution Mill more aflo- 
nifning in natural hiflory. The naturalifls of the North 
had fucceeded in cau&ng their productions to be read by a 
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fmall number of the learned ; but the works of the French 
naturalift were foon, like thofe of nature, in the hands 
of the whole world. He porTeffed the art of diftufing 
through his writings that lively intereft, that enchanting 
colouring, and that delicate and vigorous touch, which 
influence, attach, and fubdue the mind. The profundity 
of his reafoning is every where united to all that agree- 
able illufion which the mod brilliant imagination can fur- 
irifh. The facred fire of genius animates all his produc- 
tions; his fyftems conftantly exhibit the mod: fublimc prof- 
pe&s in their totality, and the moft perfect correfpondcnce 
in their minute parts: and, even when he exhibits mere 
hypothefes, we are inclined to perfuade ourfelves that 
they are eftabliihed truths. We become like the artift 
who, after having admired a beautiful ftatue, ufed his 
efforts to perfuade himfelf that it refpired, and removed 
every thing which could diiiipate his illufion. We take 
up his work with a pleafure refembling that of the man' 
who turns again to deep, in hopes of prolonging the 
deception of an agreeable dream. 

Thefe two celebrated men, by dilTufing the tafte for 
chemiftry and natural hiftory, by making their relations 
and ufes better known, conciliated the favour of govern- 
ment towards them; and from that moment every one 
interefted himfelf in the progrefs of both fciences. Thofe 
perfons who were bed qualified in the kingdom, haftened 
to promote the revolution which was preparing. The 
fciences foon infcribed in their lift of cultivators the be- 
loved and refpecled names of La Rochefoucault, Ayen, 
Chaulnes, Lauraguais, Maleilierve, &c. ; and thefe men, 
diftinguifhed by their birth, were honoured with a new 
fpecies of glory, which is independent of chance or pre- 
judice. They enriched chemiftry with their difcoveries, 
and aiTociated their names with all the other literati who 
purfucd the fame career. They revived in the mind of 
the chemift that pafhon for glory, and that ardour for 
public good, which continually excite new efforts 1 . 
man of ambition and intrigue no longer endeavoured to 
deprefs the modeft and timid man of genius. The credit 
of men in place ferved as a defence and fspport 
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calumny -and perfecution. Recompences were affigned to 
merit. Learned men were difpatched into all parts of the 
world, to ftudy the arts, and collect their productions. 
Men of the firft merit were invited to inftruct us with 
regard to our own proper riches; and eftablifhments of 
chemi (try which were made in the principal towns of the 
kingdom, difFufed the tafte for this faience, and fixed 
among us thofe arts which we might in vain have attempt- 
ed to naturalize, if a firm bafis had not been firft laid. 
The profeffors eftablifhed in the capital, and in the pro- 
vinces, appeared to be placed between the academies and 
the people, to prepare the latter for thofe truths which 
flow from fach refpe&able affociations. We may confidcr 
them as a medium which refracts and modifies the rays of 
light that ifTue from thofe various luminous centres; and 
directs them towards the manufactories, to enlighten and 
improve their practice. Without thefe favours, without 
this confideration and thefe recompences, could it have 
been expected that the mod unaffuming among philofo- 
phers would have exerted himfelf to promote the reputa- 
tion of a people to whom he was unknown? Could a man 
fo fituated reafonably hope to fucceed in carrying a difco- 
very into effect? Is it probable that he fhould have poffef- 
fed a fufficient fortune to work in the large way, and by 
this means alone to overcome the numberlefs prejudices 
which banifh men of fcience from manufactories ? The 
contemplative fciences demand of the fovereign repofe and 
liberty only; but experimental fciences demand more, for 
they require affiftance and encouragement. What indeed 
could be hoped in thofe barbarous ages, wherein the che- 
mift fcarcely durft avow the nature of the occupation 
which in fecret constituted his greatefl pleafure. The 
title of Chemilt was almoft a reproach: and the prejudice 
which confounded the profeffors of this fcience with fuch 
wretched projectors as are entitled only to pity, has pro- 
bably kept back the revival of the arts for feveral centu- 
ries; for chemiftry alone can afford them a proper balls. 
If the princes of pad times had been friends of the arts, and 
jealous to acquire a pure and durable reputation; if they 
i been careful to honour t&« learned, to collect their 
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valuable labours and to tranfmit to us without alteration 
the precious annals of human genius; we fhould have 
been difpenfed from labouring among the rubbifh of early- 
times, to confult a few of thofe remains which have efca- 
ped the general wreck; and we fhould have been fpared 
the Regret of allowing, after many ufelefs refearches, that 
the mafter-pieces of antiquity which remain anfwer fcarce- 
ly any other purpofe than to give us an idea of that fupe- 
riority to which the earlier nations had arrived. Time, 
the fword, fire, and prejudice have devoured all; and 
our refearches ferve only to add to our regret for the 
lolTes which the world has fuflained. 

The fcience of chemiftry pofTefTes the glory, in our 
days, not only of having obtained the prote&ion of go- 
vernment, but it may likewife boaft of another equally 
elevated. This fcience has fixed the attention, and for- 
med the occupation, of various men in whom the habit 
of a profound ftudy of the accurate fciences had produced 
a neceffity of admitting nothing but what is proved, and 
of attaching themfelves only to fuch branches of know- 
ledge as are fufceptible of ftrict proofs. MelTrs. De la 
Grange, Condorcet, Vander Monde, Monge, De la 
Place, Meufnier, Coufin, the mod celebrated mathema- 
ticians of Europe, are all interested in the progrefs of 
this fcience, and mod of them daily add to its progrefs by 
their difcoveries. 

So great a mafs of inftru£lion,and fuch ample encourage- 
ment, could not but effect a revolution in the fcience it- 
felf; and we are indebted to the combined efforts of all 
thefe learned men for the difcovery of feveral metals, the 
creation of various ufeful arts, the knowledge of a num- 
ber of advantageous proceffes, the working of feveral 
mines, the anaiyfis of the gales, the decmpofition of wa- 
ter, the theory of heat, the doctrine of combuflion; and 
a mafs of knowledge fo abfolute and fo extended, refpect- 
ing all the phenomena of art and of nature, that in a 
very fhort time chemiftry has become a fcience entirely 
new. We might now fay with much more truth what 
the celebrated Bacon affirmed of the chemiftry of his time: 
" A new philofophy," fays he, " has iffued from the 
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nc-s of the chemifts, which has confounded all the 
reafbnings of the ancients." 

But while difcoveries became infinitely multiplied inche- 
millry, the neceflity of remedying the confufion which had 
Ho long prevailed, was foon feen, and indicated the want 
of a reform in the language of this fcience. There is fo 
intimate a relation between words and facts, that the revo- 
lution which takes place in the principles of a fcience 
ought to be attended with a fimilar revolution in its Ian- 
ge : and it is no more poflible to prefcrve a vicious 
nomenclature with a fcience which becomes enlightened, 
extended, and Amplified, than topolifh, civilize, and in- 
U uninformed man without making any change in his 
ural language. Every chemift who wrote on any fub- 
jec"fc was {truck with the inaccuracy of the words in com- 
mon ufe, and confidered himfelf as authorized to intro- 
duce fome change; infotnuch that the chemical language 
became infallibly longer, more confufed, and more un- 
plealant. Thus carbonic acid has been known, during 
the courfe of a few years, under the names of Fixed Air, 
Aerial Acid, Mephitic Acid, Cretaceous Acid, &c. ; 
and our pofterity may hereafter difpute whether thefe 
various denominations were not applied to different fub- 
ftances. The time was therefore come, in which it was 
neceffary'to reform the language of chemiftry: the imper- 
fections of the ancient nomenclature, and the difcovery of 
many new fubfeances, rendered this revolution indifpenfa- 
ble. But it was neceffary to defend this revolution from 
the caprice and fancy of a few individuals; it was necef- 
fary to eftablifh this new language upon invariable princi- 
ples : and the only means of infuring this purpofe was 
doubtlefs that of erecting a tribunal in which chemiils of 
acknowledged merit mould difcufs the words received 
without prejudice and without intereft j in which the 
principles of a new nomenclature might be eflablifhed 
and purified by the fevered logic ; and in which the lan- 
guage mould be fo well identified with the fcience, the 
d fo well applied to the raft, that the knowledge of 
one fiiauid lead to the kit- • of the other. "This 

E 
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was executed in 1788 by MefTrs. De Morveau, La voider; 
Berthollet, and De Fourcroy. 

In order to eftablifli a fyflem of nomenclature, bodies 
muft be confidered in two different points of view, and' 
diftributed into two claffes ; namely, the clafs of fimple 
fubflances reputed to be elementary, and the clafs of com- 
bined fubflances. 

1. The mod natural and fuitable denominations which 
can be affigned to fimple fubflances, muft be deduced from 
a principal and chara&eriftic property of the fubflance 
intended to be expreffed. They may likewife be diftin- 
guimed by words which do not prefent any precife idea 
to the mind. Mod of the received names are eftablifned 
on this lafl principle, fuch as the names Sulphur, Phofpho- 
rus, which do not convey any fignification in our language, 
and produce in our minds determinate ideas only, becaufe 
ufage has applied them to known fubflances. Thefe words, 
rendered facred by ufe, ought to be preferred in a new 
nomenclature ; and no change ought to be made, except- 
ing when it is propofed to rectify vicious denominations. 
In this cafe the authors of the New Nomenclature have 
thought it proper to deduce the denomination from the 
principal characteriftic property of the fubflance. Thus, 
pure air might have been called Vital Air, Fire Air, or 
Oxigenous Gas; becaufe it is the bafis of acids, and the 
aliment of refpiration and combuftion. But it appears to 
me that this principle has been in a fmall degree departed 
from when the name of Azotic Gas was given to the 
atmofpherical mephitis- — 1. Becaufe, none of the known 
gafeous fubflances excepting vital air being proper for 
refpiration, the word Azote agrees with every one of them 
except one ; and confequently this denomination is not 
founded upon an exclusive property, diitin&ive and cha- 
racteriflic of the gas itfelf. 2. This denomination being 
once introduced, the nitric acid ought to have been called 
Azotic Acid, and its combinations Azotates ; becaufe the 
acids are propofed to be denoted by the name which 
belongs to their radical. 3. If the denomination of Azotic 
Gas does not agree with this aeriform fubflance, the name 
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«f Azote agrees (till lefs with the concrete and fixed fub. 
fiance ; for in this date all the gafes are eflentially azotes. 
It appears to me therefore that the denomination of Azotic 
Gas is not eftabliflied according to the principles which 
have been adopted ; and that the names given to the feve- 
ral fubftances of which this gas conftitutes one of the ele- 
ments, are equally removed from the principles of the 
Nomenclature. In order to correct the Nomenclature on 
this head, nothing more is neceffary than to fubflitute to 
this word a denomination which is derived from the gene- 
ral fyftem made ufe of; and I have prefumed to propofe 
that of Nitrogene Gas. In the firft place, if is deduced 
from the charadteriftic and exclufive property of this gas, 
which forms the radical of the nitric acid. By this means 
we fhall preferve to=the combinations of this fubftance the 
received denominations, fuch as thofe of the "Nitric Acid, 
Nitrates, Nitrites, &c. In this manner the word which 
is afforded by the principles adopted by the celebrated 
authors of the Nomenclature, caufes every thing to 
return into the order propofed to be eftabliflied. 

2. The method made ufe of to afcertain the denomina- 
tions fui table to compound fubftances, appears to me to 
be fimple and accurate. It has been thought that the 
language of this part of fcience ought to prefent the 
analyfes; that the words mould be only the expreffion of 
fa&s ; and that confequently the denomination applied by 
a chemift to any fubftance which has been analyfed, ought 
to render him acquainted with its conftituent parts. By 
following this method, the Nomenclature is as it were 
united, and identified with the fcience; and fa£ts and 
words agree together. Two things are therefore united, 
which until this time appeared to have no mutual relation, 
the word, and the fubftance which it reprefented ; and 
by this means the fludy of chemiftry is Amplified. But 
when we apply thefe inconteftable principles to the various 
objects of cnemiftry, we ought to follow the analyfis ftep 
by ftep, and upon this ground alone eftablilh general and 
individual denominations. We ought to pbierve that it 
is from this analytical method that the various denomina- 
tions have been alfigned, and that the methodical diftri- 
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butions of natural hiftory have been at all times made. 
If man were to open his eyes for the firft time upon the 
various beings which people or compofe this globe, he 
would eftablifh their relation upon the companfon of 
their mod evident properties, and no doubt would found 
his firft divifions upon the moil fenfible differences. The 
various modes of exigence, or their feveral degrees of 
confidence, would form his firft divifion ; and he would 
arrange them under the heads of folid, liquid, or aeriform 
bodies. A more profound examination, and a more 
connected analyfis of the individuals, would foon con- 
vince him that the fubftances which certain general rela- 
tions had induced him to unite in the fame ciafs, under a 
generic denomination, differed very effentially among each 
other, and that, thefe differences neceffarily required 
fubdivifion. ■ Hence he would divide his folid bodies into 
ftones, metals, vegetable fubffances, animal fubftances, 
&c ; his liquids would be divided into water, vital air, 
inflammable air, mephitic air, &c. "When he proceeded 
to carry his refearches on the nature of thefe fubftances 
ftill farther, he would perceive that moft of the indivi- 
duals were formed by the union of fimple principles ; and 
here it is that his applications of the fyftem to be followed, 
in afligning a fuitable denomination to each fubftana, 
would begin. To anfwer this purpofe, the authors oi 
the New Nomenclature have endeavoured to exhibit 
denominations which may point out the conflituent prin- 
ciples. This admirable plan has been carried into execu- 
tion as far as relates to fubftances which are not very com- 
plicated, fuch as the combinations of the principles with 
each other ; the acids, earths, metals, alkalis, &c. 
And this part of the Nomenclature appears to me to leave 
nothing more to be defired. The explanation may be 
feen in the work published on this fubjecl by the authors, 
and in the Elementary Treatife of Chemiftry cf Mr. 
Lavoifier. I fhall therefore do nothing more in this place 
than prefent a fketch of the method I have followed ; 
taking for example the combinations of acids, which 
form the moft numerous clafs of compounds. 
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The firft flep confided in comprehending under a gene- 
ral denomination the combination of an acid with any 
given bafis ; and in order to obferve a more exact arrange- 
ment, and at the fame time to affift the memory, one 
common termination has been given to all words which 
denote the combination of an acid. Hence the words Sul- 
phates, Nitrates, Muriates, are ufed to denote combina- 
tions of the fulphuric, nitric, and muriatic acids. The 
kind of combination is denoted by adding to the generic 
word the name of the body which is combined with the 
acid ; thus, the fulphate of pot-afh expreffes the combi- 
nation of the fulphuric acid with pot-afh. 

The modifications of thefe fame acids, dependant on the 
proportions of their conftitucnt principles, form falts dif- 
ferent from thofe we have jail fpoken of ; and the au- 
thors of the New Nomenclature have exprelTed the modi- 
fications of the acids by the termination of the generic 
word. The difference in the acids anfes almoffc ;;!■ 
from the greater or lefs abundance of oxigene. In the 
firfl cafe, the acid affumes the epithet of Oxigenated ; 
hence the oxigenated muriatic acid, the oxigenated ful- 
phuric acid, &c. In the fecond cafe, the termination 
of the word which denotes the acid, ends in ous ; hence 
the fulphureous acid, the nitrous acid, &c. The com- 
binations of thefe lad form fulphites, nitrites, &c. ; the 
combinations of the former compofe oxigenated mu- 
riates, oxigenated fulphates, &c. 

The combinations of the various bodies which com- 
pofe this globe are not all as fimple as thofe here men- 
tioned ; and it maybe immediately perceived how long 
and troublefome the denominations would be, if attempts 
were made to bellow a fineje denomination which fhould 
denote the condiment principles of a body formed by the 
union of five or fix principles. In this cafe, the prefer- 
ence has been given to the received appellation, and 
no other changes have been admitted but fuch as were 
neceifary in order to fubditute proper appellations inftead 
of thofe which afforded notions contrary to the nature of 
the objects they were applied to. 



xxxviii Preliminary Difcourfe. 

I have adopted this Nomenclature in my lectures, and in 
my writings; I have not failed to perceive how very advanta- 
geous it is to the teacher, how much it relieves the memory, 
how greatly it tends to produce a tafte for chemiftry, and 
with what facility and precifion the ideas and principles 
concerning the nature of bodies fix themfelves in the minds 
of the auditors. But I have been careful to infert the 
technical terms ufed in the arts, or received in fociety, to- 
gether with thefe new denominations. I am of opinion 
that, as it is impoffible to change the language of the 
people, it is neceffary to defcend to them, and by that 
means render them partakers of our difcoveries. Wc 
fee, for example, that the artifl: is acquainted with the 
fulphuric acid by no other name than that of Oil of Vi- 
triol, though the name of the Vitriolic Acid has been the 
language of chemifts for a century pad. We cannot 
hope to be more happy in this refpect than our predecef- 
fors ; and, fo far from feparating ourfelves from the artifl 
by a peculiar language, it is proper that we fhould mul- 
tiply; the occafions of bringing us together ; fo far from 
attempting to enflave him by our language, we ought 
rather to infpire his confidence by learning his terms. 
Let us prove to the artifl: that our relations with him are 
more extended than he imagines ; and let us by this 
intimacy eftablifh mutual correfpondence, and a concur- 
rence of information, which cannot but redound to the 
advantage of the arts and of chemiftry. 

After having explained the principal obje&ions which 
have retarded the improvement of chemiftry, and the 
caufes which in our time have accelerated its progrefs, we 
fhali endeavour to point out the principal applications of 
this fcience ; in which attempt, we think, we (hall fuc- 
ceed beft by calling a general retrofpect over thofe arts 
and fcienc.es which receive certain principles from it. 

Mod of the arts are indebted to accident for their dif- 
covery. They are in general neither the fruit of refearch 
nor the refult of combination, but all of them have a more 
or lefs evident relation to chemiftry. This fcience there- 
fore is capable of clearing up their firit principles, reform. 
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ing their abufes, fimplifying their operations, and acce- 
lerating their progrefs. 

Chemiftry bears the fame relation to mofl of the arts, 
as the mathematics have to the feveral parts of fcience 
which depend on their principles. It is poffible, no 
doubt, that works of mechanifm may be executed by one 
who is no mathematician ; and fo likewife it is poffible to 
dye a beautiful fcarlet without being a chemift : but the 
operations of the mechanic, and of the dyer, are not the 
lefs founded upon invariable principles, the knowledge of 
which would be of infinite utility to the artift. 

We continually hear in manufactories of the caprices 
and uncertainty of operations ; but it appears to me that 
this vague expremon owes its birth to the ignorance of 
the workmen with regard to the true principles of their 
art. For nature itfelf does not act with determination and 
difcernment, but obeys invariable laws ; and the inani- 
mate fubftance which we make ufe of in our manufac- 
tures, exhibits necefTary effects, in which the will has no 
part, and confequently in which caprices cannot take 
place. Render yourfelves better acquainted with the 
materials you work upon, we might fay to the artifts ; 
ftudy more intimately the principles of your art ; and you 
will be able to forefee, to predict, and to calculate 
every effect. It is your ignorance alone which renders 
your operations a continual feries of trials, and a dif- 
couraging alternative of fuccefs and difappointment. 

The public, which continually exclaims that experi- 
ence is better than fcience, encourages and fupports this 
ignorance on the part cf the artift ; and it will not be 
remote from our object to attempt to afcertain the true 
value of thefe terms. It is very true, for example, that 
a man who has had a very long experience may perform 
operations with exactnefs ; but he will always be confined 
to the mere manipulation. I would compare fuch a man 
to a blind peifon who is acquainted with the road, and 
can pafs along it with eafe, and perhaps even with the 
confidence and aiTuranee of a man who fees perfectly well ; 
but is at the fame time incapable of avoiding accidental 
•bftacles, incapable of fliortening his way or taking the 
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moft direct courfe, and incapable of laying down any ruler 
which he can communicate to others. This is the ftate of 
the artifl of there experience ; however long the duration 
of his practice may have been, as the fimple performer of 
operations. 

It may perhaps be replied, that artifts have made very 
important difcoveries in confequence of affiduous labour. 
This is indeed true, but the examples are very fcarce ; and 
we have no right to conclude, becaufe we have (ztw men 
of genius without any mathematical theory execute won-' 
derful works of mechanifm, that the mathematics are not 
the bafis, or that any one has a right to expect to become 
a great mechanic without a profound Itudy of mathema- 
tical principles. 

It appears to be generally admitted at prefent, that 
chemiftry is the bafis of the arts : but the artift will not 
derive from chemiftry all the advantages he has a rigfft 
to expect, until he has broken through that powerful 
barrier which fufpicion, felf-love, and prejudice have 
raifed between the chemift and himMf. Such philofc- 
phers as have attempted to pafs this line, have frequently 
been repelled as dangerous innovators; and prejudice, 
which reigns defpotically in manufactories, has not even 
permitted it to be thought that the proceffes were capable 
of improvement. 

It is eafy to fhew the advantages which the arts might 
obtain from chemiftry, by catling a retrofpect over its 
applications to each of them in particular. 

i. It appears, from the writings of Columella, that 
the ancients poiTeffed a confiderable extent of knowledge 
refpecting agriculture, which was at that time confidered 
as the firft and nobleft occupation of man. But when 
once the objects of luxury prevailed over thofe of necefuty, 
the cultivation of the ground was left to the mere fuccefhon 
of practice, and this firft of the arts became degraded by 
prejudices. 

Agriculture is more intimately connected with chemiftry 
than is ufually fuppofed. It muft be admitted that every 
man is capable of cauftng ground to bear corn ; but what 
a confiderable extent of knowledge is neeeffary to c i 
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it to produce the greatefl poffible quantity! It is not 
enough, for this purpofe, to divide, to cultivate and to 
manure any piece of ground: a mixture is likewife required 
of earthy principles fo well aflbrted, that it may afford a 
proper nourifhment; permit the roots to extend them^ 
felves to a diftance, in order to draw up the nutritive jui- 
ces; give the item a. fixed bafe; receive, retain, and af- 
ford upon occafion,. the aqueous principle, without which 
no vegetation can be performed. It is therefore elTential 
to ascertain the nature of the earth, the avidity with 
which it feizes water, its force of retaining it, &c. ; and 
thefe requifites point to ftudies which will afford principles 
not to be obtained by mere practice but {lowly and imper- 
Fe&ly. 

Every grain requires a peculiar earth. Barley vege- 
tates freely among the dry remains of granite; wheat 
grows in calcareous earth, &c. And how can it be pofh> 
tie to naturalize foreign products, without a fufHcient 
fttock of knowledge to fupply them with an earth fimilar 
to that which is natural to them? 

. The diforders of grain and forage, and the deitrUction 
of the infects which devour them, are objects of natural 
hiftory and chemiftry : and we have feen in our Own times 
the efiential art of drying and preferving grainj and all 
thofe details which are interesting in the preparation of 
bread, carried by the labours of a few chemifts to a de- 
gree of perfection which feemed difficult to have been at- 
tained, 

The art of difpofing (tables in a proper manner, that 
of chufing water adapted for the drink of domeftic animals, 
the ©economical procefTes for preparing and mixing their 
food, the uncommon talent of fupplying a proper manure 
fuited to the nature of foils, the knowledge necefTary to 
prevent Or to repair the effects of blights-— -all come with- 
in the province of chemiftry; and without the afliftance 
of this fcience our proceeding would be painful, flow, and 
Uncertain. 

We may at prefent infift upon the neceflity of chemiftry 
m the various branches of agriculture with fp much the 

F 
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more reafon, as government does not ceafe to encourage 
this firft of arts by recompenses, didinclions, and efta- 
blifliments ; and the views of the date are forwarded by 
the propofal of means to render this art flourifhing. We 
fee, with the greateft fatisfa&ion, that, by a happy re- 
turn of reflection, we begin to confider agriculture as the 
pured, the mod fruitful, and the moll natural fource of 
our riches. Prejudices no longer tend to opprefs the 
hufbandman. Contempt and fervitude are no longer the 
inheritance received for his inceffant labours. The moft 
ufeful and the mod virtuous clafs of men is likewife that 
whofe flate is mod minutely confidered ; and the cultiva- 
tor of the ground in France is at laft permitted to raife 
his hands in a date of freedom to Heaven, in gratitude for 
this happy revolution. 

2. The working of mines is likewife founded upon the 
principles of chemidry. This fcience alone points out 
and directs the feries of operations to be made upon a 
metal, from the moment of its extraction from the earth 
until it comes to be ufed in the arts. 

Before the chemical analyiis was applied to the exa- 
mination of denes, thefe fubdances were all denoted by 
fuperficial characters, fuch as colour, hardnefs, volume, 
weight, form, and the property of giving fire with the 
deel. All thefe circumdances had given rife to me- 
thods of divifion in which every other property was 
confounded ; but the fucceiiive labours of Pott, Mar- 
graaif, Bergmann, Scheele, Bayen, Dietrich, Kirwan, 
Lavoifier, De Morveau, Achard, Sage, Berthollet, Jer- 
bard, Erhmann, Fonrcroy, Mongez, Klaproth, Crell, 
Pelletier, De la Metherie, &c. by indrncling us con- 
cerning the condiment principles of every known done, 
have placed thefe fubdances in their proper fituations 3 
and have carried this part of chemidry to the fame de- 
gree of precision as that which we before pofleded reflect- 
ing the neutral falts. 

The natural hidory of the mineral kingdom, unaffided 
by chemiftry, is a language compofed of a few words, 
the knowledge of which has acquired the name of Mine- 
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Falogift to many perfbns. The words Calcareous Stone, 
Granite, Spar, Schorle, Feld Spar, Schiftus, Mica, &c. 
alone compofe the dictionary of federal amateurs of natu- 
ral hi (lory ; but the difpofition of thefe fubftances in the 
bowels of the earth, their refpective pofition in the com- 
pofition of the globe, their formation and fucceffive 
decompositions, their ufes in the arts, and the knowledge 
of their conftituent principles, form a fcience which can 
be well known and investigated by the chemift only. 

It is neceiTary therefore that mineralogy ihould be 
enlightened by the ftudy of chemiflry ; and we may ob- 
ferve that, fince thefe two fciences have been united, 
the labour of working mines has been Amplified, metallic 
ores have been wrought with more intelligence, feveral 
new metallic fubftances have been difcovered, individuals 
have opened mines in the provinces ; and we have 
become familiar with a fpecies of induftry which feemed 
foreign, and almoft incompatible with, our foil and our 
habits. Steel and the other metals have received in 
our manufactories that degree of perfection which had 
till lately excited our admiration, and humiliated our 
felf-love. The fuperb manufacture of Creufot has no 
equal in Europe. Mod of our works are fupported by 
pit-coal ; and this new combnftible fubftance is fo much 
the more valuable, as it affords us time to repair our 
exhaufted woods, and as it is found almofl every where 
in thofe barren foils which repel the pioughfhare, and 
prohibit every other kind of induftry. The eternal gra- 
titude of this country is therefore due to MefTrs. Jars, 
Dietrich, Duhamel, Monet, Genfanne, &c. who firft 
brought us acquainted with thefe true riches. The tafte for 
mineralogy, which has diffufed itfelf within our remem- 
brance, has not a little contributed to produce this revo- 
lution j and it is in a great meafure owing to thofe col- 
lections of natural hiftory, againft which fome perfons 
have fo much exclaimed, that we are indebted for this 
general tafte. Our collections have the fame relation 
to natural hiftory, as books bear to literature and the 
fciences. The collection frequently is nothing more than. 
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an object of luxury to the proprietor ; but in this very cafe 
it is a refource always open to the man who is defirous of 
beholding, and inftructing himfelf. It is an exemplar of 
the works of nature, which maybe confulted every moment; 
and the chemift who runs over all thefe productions, and 
fubjects them to analyfes to afcertain their conftituent 
principles, forms the precious chain which unites nature 
and art. 

3. While the chemift. attends to the nature of bodies, 
and endeavours to afcertain their conftituent principles, 
the natural philofopher ftudies their external characters, 
•and as it were their phvfiognomy. The object of the che- 
mift ought therefore to be united to that of the philofo- 
pher, in order to acquire a complete idea of a body. 
What in' fact mall we call Air or Fire, without the inftruc- 
tion of the chemift ?■ ' Fluids more or lefs compreiTible, 
ponderous, and elaftic. What are the particulars of infor- 
mation which natural philofophy affords us concerning 
the nature of folids ? It teaches us to diftinguifh them 
from each other, to calculate their weight, to determine 
their figure, to afcertain their ufes, &c 

If we call: our attention upon the numerous particulars 
which chemiftry has lately taught us refpecting air, water, 
and fire, we (hall perceive how much the connection of thefe 
two fciences has been ftrengthened. Before this revolu- 
tion, natural philofophy was reduced to the fimple difplay 
of machines; and this coquetry, by giving it a traniient 
glare, would have impeded its progrefs, if chemiftry had 
not reftored it to its true deftination. The celebrated 
chancellor Bacon compared the natural magic, or experi- 
mental philofophy, of his time, to a magazine in which a 
few rich and valuable moveables were found among a heap 
of toys. The curious, fays he, is exhibited inftead of the 
iifeful. What more is required to draw the attention of 
great men, and to form that tranfient faftiion of the day 
which ends in contempt ? 

The natural philofophy of our days no longer deferves 
the reproaches of this celebrated philofopher. It is a 
(cience founded on two bafes equally folid; Oa the o&e 
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part, it depends on mathematical fcience for its principles; 
and, on the other, it reds upon chemiitry. The natural 
philofopher will attend equally to both fciences. 

The ftudy of chemiftry, in certain departments, is fo 
intimately connected with that of natural philofophy, that 
they are infeparable ; as, for example, in refearches con- 
cerning air, water, fire, &c. Thefe fciences very advan- 
tageoufly affifl each other in other refpe&s ; and while 
the chemift clears minerals from the foreign bodies which 
are combined with them, the philofopher fupplies the 
mechanical apparatus neceffary for exploring them. Che- 
miftry is infeparable from natural philofophy even in fuch 
parts as appear the moil: independent of it; fuch, for 
example, as optics, where the natural philofopher can 
make no progrefs but in proportion as the chemift (hall 
bring his glafs to perfection. 

The connection between thefe two fciences is fo inti- 
mate, that it is difficult to draw a line of diflinction be- 
tween them. If we confine natural philofophy to enqui- 
ries relative to the external properties of bodies, we (hall 
afford no other object but the mere outfide of things. If 
we reftrain the chemift to the mere analyfis, he will at 
mod arrive at the knowledge of the conftituent principles 
of bodies, and will be ignorant of their functions. Thefe 
diftinctions in a fcience which has but one common pur- 
pofe, namely the complete knowledge of bodies, cannot 
longer exili ; and it appears to me that we ought abfolutely 
to reject them in all objects which can only be well exami- 
ned by the union of natural philofophy and chemiftry. 

At the period of the revival of letters, it was of advan- 
tage to feparate the learned, as it were, upon the road to 
truth; and to multiply the workihops, if I may ufe the 
expreffion to haften the clearing away. But at pre- 
fent, when the various points are re-united, and the con- 
nection between the whole is feen, thefe feparations, 
thefe divifions, ought to be effaced ; and we may flatter 
ourfclves that, by uniting our efforts, we may make a 
rapid progrefs in the fludy of nature. The meteors, and 
all the phenomena of which the atmofphere is the grand 
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theatre, can be known only by this re-union. The decora- 
pofition of water in the bowels of the earth, and its 
formation in the fluid which furrounds us, cannot but 
give rife to the mofl happy and the raoft fubhme appli- 
cations. 

4. The connection between chemiftry and pharmacy is 
fo intimate, that thefe two fciences have long been confi- 
dered as one and the fame ; and chemiftry, for a long 
time, was cultivated only by phyficians and apothecaries. 
It mud be allowed that, though the chemiftry of the 
prefent day, is very different from pharmacy, which is 
only an application of the general principles of this fcience, 
thefe applications are fo numerous, the clafs of perfons 
who cultivate pharmacy is in general fo well informed, 
that it is not at all to be wondered at, that mod apotheca- 
ries fiiould endeavour to enlighten their profefiion by a 
ferious ftudy of chemiftry, and by the happieft agreement 
unite the knowledge of both parts of fcience. 

The abufes which, at the beginning of the prefent cen- 
tury, were made of the applications of chemiftry to medi- 
cine, have caufed the natural and intimate relations of 
this fcience with the art of healing to be miftaken. It 
would have been more prudent, no doubt, to have recti- 
fied its applications; but unfortunately we have too much 
ground to reproach phyficians for going to extremes. 
They have, without reftriclion, baniihed that which they 
before received wichout examination; and we have kax 
them fucceffively deprive their art of all the aftiftance it 
might obtain from the auxiliary fciences. 

In order to direct with propriety the applications of che- 
miftry to the human body, proper views muft be adopted 
relating to the animal economy, together with accurate 
notions of chemiftry itfelf. The refults of the laboratory 
muft be confidered as fubordinate to phydological obfervi 
tions. We {hould endeavour to enlighten the one by the 
other, and to admit no truth as eftabliftied which is con- 
tradicted by any of thefe means of conviction. It is in 
confequence of a departure from thefe principles that the 
human body has been confidered as a lipids and paliive 
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fhbdance; and that the drift principles obferved in the 
operations of the laboratory have been applied to this liv- 
ing fyftem. 

In the mineral kingdom, every thing is fubjected to the 
invariable laws of the affinities. No internal principle 
modifies the action of natural agents; and hence it arifes 
that we are capable of for telling, producing or modifying 
the effects. 

In the vegetable kingdom, the action of external agents 
,is equally evident; but the internal organization modifies 
their effecls, and the principal functions of vegetables 
arife from the combined action of external and internal 
caufes. It was no doubt for this reafon that the Creator 
difpofed the principal organs of vegetation upon the fur* 
face of the plant, in order that the -various functions might 
at the fame time receive the impreffions of external agents, 
and that of the internal principle of the organization. 

In animals the functions are much lefs dependant on 
external caufes ; and nature has concealed the principal 
organs in the internal parts of their bodies, as if to with-* 
draw them from the influence of foreign powers. But 
the more the functions of an individual are connected 
with its organization, the lefs is the empire of chemiftry 
over them; and it becomes us to be cautious in the appli- 
cation of this fcience to all the phenomena which depend 
elTtntially upon the principles of life. 

We muff not, however, confider chemidry as foreign 
to the ftudy and practice of medicine. This fcience alone 
can teach us the difficulty and art of combining remedies. 
This alone can teach us to apply them with prudence and 
firmnefs. Without the affiitance of this fcience, the prac- 
titioner would fcarcely venture to apply thofe powerful 
remedies from which the chemical phyfician knows the 
means of deriving fuch great advantage. Chemiftry alone 
in all probability, is capable of affording means of com- 
bating epidemic diforders, which in mod cafes are caufed 
by an alteration in the air, the water, or our food. It 
will be only in confequence of analyfis that the true reme- 
dy can be found againft thofe flony concretions which form 
the matter of the goat, the (tone, the rheumatifm, &c; 
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and the valuable particulars of information which iweuotfj 
poffefs refpecting refpiration, and the nature of the prin- 
cipal humours of the human body, arelikewife among the 
benefits arifmg from this fcicnce. 

5. Chemiftry is not only of advantage to agriculture, 
phytic, mineralogy, and medicine, but its phenomena 
are interefting to all the orders of men: the applications 
of this fcience are (o numerous, that there are few cir- 
cumftances of life in which the chemift does not enjoy the 
pleafure of feeing its principles exemplified. Mod of 
thofe facts which habit has led us to view with indifference 
are interefting phenomena in the eyes of the chemift. 
Every thing inftracts and araufes him • nothing is indifferent 
to him, becaufe nothing is foreign to his purfuits; and 
nature, no lefs beautiful in her moft minute details than 
fubiime in the difpofition of her general laws; appears to, 
difplay the whole of her magnificence only to the eyes of 
the chemical philofopher* 

We might eafily form an idea of this fcience, if i£ 
were poffible to exhibit in this place even a iketch of its 
principal applications. We mould fee, for example, that 
chemiftry affords us all the metals of which the ufes are 
fo extenfive; that chemiftry affords us the means of em- 
ploying thepartsof animalsand of plants for our ornament; 
that our luxuries, and our fubfiftence, are by this fcience 
eftablifhed as a tax upon all created beings; and that by 
this power we are taught to fubject nature to our wants, 
our tafte, and even to our caprices. Fire, that free inde- 
pendent element, has been collected and governed by the 
induftry of the chemift; and this agent, deftined to pene- 
trate, to enliven, and to animate the whole of nature, 
has in his hands become the agent of death, and the 
prime minifter of deftruction. The chemifts who in our 
time have taught us to infulate that pure air which alone 
is proper for combuftion, have placed in our hands, as 
it were, the very effence of fire; and this clement, whofe 
effects were fo terrible, becomes the agent of ftill more ter- 
rible confequences. The atmofphere, which was formerly 
coniidered as a mafs of homogeneous fluid, is now found 
to be a true chaos, from which analyfis has obtained 
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principles fo much the more interefting to be known, as 
nature has made them the principal agents of her opera- 
tions. We may confider this mafs of fluid in which we 
live as a vaft laboratory, in which the meteors are prepa- 
red, in which all the feeds of life and of death are deve- 
loped, from which nature takes the elements of the com- 
pofition of bodies, and to which their fubfequent decom- 
pofition returns the fame principles which were before 
extracted. 

Chemiflry, by informing us of the nature and princi- 
ples of bodies, inftruch us perfectly concerning our rela* 
tion to the objects around us. This fcicnce teaches us., 
as it were, to live with them; and imprelfes a true life 
upon them, fince by this means each body has its name, 
its character, its ufes, and its influence, in the harmony 
and arrangement of this univerfe. 

The chemiit , in the mid ft of thofe numerous beings 
which the common race of men accafe nature of having 
vainly placed upon our globe, enjoys the profpect as it 
were in the centre of a fociety, all whofe members are 
connected together by intimate relations, and concur to 
promote the general good. In his fight every thing is 
animated, every being performs a part on this vaft theatre; 
and the chemift who participates in thefe interefting fcenes, 
is repaid with.ufury for his firft exertions to difcover the 
relations exiftirig between tkem. 

We may even confider this commerce, or mutual rela- 
tion between the chemift and nature, as very proper to 
foften the manners, and to impjefs on the character that 
freedom and flrmnefs of principle fo valuable in fociety. 
In the ftndy of natural hiftory, no caufe ever prefents 
itfelf to complain of inconftancy or treachery. An at- 
tachment is eafily contracted for objects which afford en- 
joyment only; and thefe connections are as pure as their 
object, as durable as nature, and ftronger in proportion 
to the exertions which have been required to eftabiifh, 
them. 

From all thefe consideration^ there is no fcience which 
more eminently deferves to enter into the plan of a good 
education than chctaiilry. We may even aiHrm that the 

G 
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ftudy of this fcience is almoft indifpenfably neceiTary to 
prevent us from being flrangers in the rnidit of the beings, 
and phenomena which furround as. It is true indeed that 
the habit of beholding the objects of nature may produce 
a knowledge of fome of their principal properties. We 
may even in this way arrive at the theory of fome of the 
phenomena. But nothing is more proper to check the 
pretenfions cf young perions who are elevated by fuch 
imperfect acquisitions, than to {hew them the vaft field of 
which they are ignorant. The profoundeil fentiment of 
their ignorance will be feconded by the natural deilre of" 
acquiring new knowledge. The wonderful properties of 
the obje&s prefented to them will engage their attention. 
The interefting nature of the phenomena will tend to excite 
their curiofity. Accuracy of experiment, and flrictnels 
of remit, will form their reafoning powers, and render 
them ferere in their judgment. By lhidying the proper- 
ties of all the bodies which furround him, the young 
fcholar learns to know their relation with himfelf; and 
by fuccefTively attending to all objects, he extends the 
circle of his enjoyment by new conquefts. He becomes 
a partaker in the privileges of the Creator, by uniting 
and difuniting, by compounding and deflroying. We 
might even affirm that the Author of nature, referving 
20 himfelf alone the knowledge of his general laws, has 
placed man between himfelf and matter, that it may 
receive thefe laws from his hands, and that he may apply 
them with proper modifications and reitrictions. In this 
view, therefor-, we may confider man as greatly fupe- 
rior to the other beings which compefe this living lyftcm. 
They all follow a monotonous and invariable procefs ; 
receive the laws, and fubmit to effects without raodifi- 
. cation, Man alone poffeffes the rare advantage of 
knowing a part of thefe laws, of preparing events, of 
predicting fefults, of producing effc&s at pleafure, of 
removing whatever is noxioas, of appropriating whatever 
is beneficial, of compofing fubftances which nature her- 
fclf never forms ; and, in this kill point of view, himfelf 
a Creator, he appears to partake with the Supreme Be- 
ing in the moil eminent of his prerogatives* 
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PART THE FIRST. 
CONCERNING THE CHEMICAL PRINCIPLES. 



INTRODUCTION. 

^Definition gf Chemifbry ; its Object and Means Defcription of a 

Laboratory, and the principal Inftruments employed in chemical 
Operations, with a Definition of thofe Operations. 



HEMISTRY is a fcience, the object of 
which is to afcertain the nature and properties of bodies. 

The methods ufed to obtain this knowledge are reduci- 
ble to two ; analyfis and fynthefis. 

The principal operations of chemiftry are performed in 
a place called a Laboratory. 

A laboratory ought to be extenfive and well aired, in 
order to prevent dangerous vapours from remaining, 
which are produced in fame operations, or which may 
efcape by any unforefeen accident. It ought to be dry, 
becaufe other wife iron veffels would ruft, and mod of the 
chemical products would be liable to change. But the 
principal excellence of a laboratory confifts in its being 
furnimed with all thofe inftruments which may be em- 
ployed in the ftudy of the nature of bodies, and in enqui- 
ries refpe&ing their properties. 

Among thefe inftruments there are fome which are of 
general ufe, and applicable to mod operations ; and there 
are others which ferve only for peculiar ufes. This 
divifion immediately points out that, at the prefent inftant, 
we can only treat of the former, and that we niuit 



• Furttafif* 

[ions as will render it 
y tG fqsi '■ 

The chemical inflruments moil frequently employed 
are thole which preient themfelves firffc to view upon 
entering a laboratory; namely, the furnaces. 

Thefe furnaces confift of earthen vefTels appropriated to 
the various operations performed upon bodies by means of 
fire. 

A proper mixture of fand and clay is commonly the ma* 
teiial of which tbcfe vefTels are formed. It is difficult, 
and even impoflible, to prefcribe and determine, accord- 
ing to any invariable method, the proportions of thefe 
conftituent parts; becaufe they muft be varied according 
to the nature of the earth made ufe of. Habit and expe- 
rience alone can furniih us with principles on this fubject. 

The feveral methods of applying fire to fubilanccs un- 
der examination!, has occalioned the conft ruction of fur- 
naces in different foras, which we (hall at prefent reduce 
to the three following. 

I. The evaporatory furnace. — This furnace has recei- 
ved its name from its ufe. It is ufed to reduce liquid fub- 
flances into vapour by means of heat, in order to feparate 
febfe more fixed principles from thofe which are more pon- 
derous; and were mixed, fufpended, compounded, or 
diffolved in the fluid. 

^ The fire-place is covered by the evaporatory vefTel. 
Two or three grooves, channels, or depreffions are made 
in the fides of the furnace near its upper edge, to facili- 
tate the drawing of the fire. 

The vefTel which contains the fubftance to be evapo- 
-raiedj is called the evaporatory vefTel. 

Thele vefTels are formed of earth, glafs or metal. . Vef- 
tels of unglazed earth are too porous, mfomuch that liquids 
filtrate though their texture. Thofe of porcelain bifcuit 
are likewife penetrable by liquids flrongiy heated, and fuf- 
vns or aeriform Tub! lances to cfcape. The beau- 
-eriments of Mr. D'Arcet upon the corabufticn 
and deitruclion of the diamond, in balls of porcelain, are 
well known, and tend to illuflrate this fubjecT. I 'have 
confirmed thefe i y experiments in the large way, 
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Upon the diftillation of aqna-fortis, which lofes as well in 
quality as quantity when the procefs is carried on in veffels 
of porcelain clay. 

Glazed earthen veffels cannot be ufed when the glafs 
confifts of the calces of lead or copper; becaufe thofe me- 
tallic matters are attacked by acids, fats, oils, &c. Nei- 
ther can earthen veffels be ufed which are covered with 
enamel, becaufe this kind of opake glafs is almoft always 
full of fmall cracks, through which the liquid would 
introduce itfelf into the body of the vefiel. 

Earthen veffels cannot therefore be ufed, excepting in 
operations of little delicacy, in which precifion and accu- 
racy are not indifpenfably required. 

Evaporatory veffels of glafs are in general to be pre- 
ferred. Thofe which refill the fire better than any others, 
are prepared in the laboratory, by cutting a fphere of 
glafs or a receiver into two equal parts with a red-hot 
iron. The capfules which are made in the glafs-houfe are 
thickeft at the bottom, and confequently are more liable 
to break at that part when expofed to the fire. 

Evaporatory veffels of metal are ufed in manufactories. 
Copper is moil commonly employed, becaufe it not only 
poffeffes the property of refilling fire, but has a consider- 
able degree of folidity, together with the facility of be- 
ing wrought. Alembics are made of this metal, for the 
diftillation of vinous fpirits, and aromatic fubftances ; as 
are alfo caldrons or pots for the cryftallization of certain 
falts, and for feveral dying prcceffes, &c. Lead is like- 
wife of confiderable ufe, and is made choice of whenever 
operations are to be performed upon fubftances which 
contain the fulphuric acid, fuch as the fulphates of alu- 
mine and of iron ; and for the concentration and rectifi- 
cation of the oil of vitriol. Tin veffels are alfo employed 
in fome operations : the fcarlet bath affords a more beau- 
tiful colour in boilers of this metal than in thofe of any 
other. Capitals of tin have already begun to be fubfti- 
tuted in the room of thofe of copper, in the conftru&ion 
of alembics ; and by this means the feveral products of 
diftillation are exempted from every fufpicion of that dan- 
gerous metal. Boilers of iron are likewife ufed for certain 
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coarfe operations ; as, for example, in the concentration 
of the lixiviums of common fait, of nitre, &c. 

Evaporatory veffels of gold, of filver, or of platina, 
are to be preferred in fome delicate operations ; but the 
price and fcarcity of thefe veffels do not permit them to 
be ufed, efpecially in the large way. 

Moreover it is from the nature of the fubflance to be 
evaporated, that we muft determine the choice of the 
veffel mod fuitable to any operation. There is no part 
ticularkind ofvelTel which can be adapted exclufively on 
all occaHons. It may only be obferved, that glafs pre- 
fents the greateft number of advantages, becaufe it is 
compofed of a fubflance the lead attacked, the lead folu- 
ble, and the lead dedruciible by chemical agents. 

Evaporatory veffels are known by the name of capfnles, 
cucurbits, &c. according to their feveral forms. 

Thefe veffels ought in general to be very wide and 
fhallow, in order that the difliilation and evaporation 
may be fpeedy and ©economical. It is neceffary, i . That 
the evaporatory veffel be not narrow at its upper part. 2. 
That the heat be applied to the liquid in all parts, and 
equally. 3. That the column or mafs of the liquid 
iliould have little depth, and a large furface of evapora- 
tion. It is upon thefe principles that 1 have conliru'cted, 
in Languedoc, boilers proper for didilling brandy, which 
fave eleven-twelfths of the time, and four-fifths of the 
combudibles. 

Evaporation may be performed in three manners, i- 
By a naked fire. 2. By the fand bath. 3. By the water 
bath. 

Evaporation is made by a naked fire, when there is 
no fubflance interpofed between the fire and the veffel 
which contains the liquid intended to be evaporated j as, 
for example, when water is boiled in a pot. 

Evaporation is performed by the fand bath, when a 
veffel filled with fand is interpofed between the fire and 
the evaporatory veffel. The heat is in this cafe commu- 
nicated more flowly and gradually; and the veffels, 
which would otherwife have been broken by the imme- 
diate application of the heat, are enabled 'to refill its 
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force. The heat is at the fame time more equally- kept 
up ; the refrigeration is more gradual ; and the opera- 
tions are performed with a greater degree of order, 
precifion, and facility. 

If, inflead of employing a veffel filled with fa ad, we 
life a veffel of water, and the evaporatory velfel be 
plunged in the liquid, the evaporation is faid to be made 
on the water bath : in this cafe, the fub (lance to be evapo- 
rated is only heated by communication from the water. 
This form or method of evaporation is employed when 
certain principles of great volatility, fuch as alcohol, or 
the aromatic principles of plants, are to be extracted or 
diftilied. It poffeffes the advantage of affording products 
which are not changed by the fire, becaufe the heat is 
tran fmitted to them by the intervention of a liquid : it is 
this circumftance which renders the procefs valuable for 
the extraction of volatile oils, perfumes, etherial liquids, 
&c. It poffefTes the advantage of affording a heat nearly- 
equal, becaufe the degree of ebullition is a term nearly 
conlfant ; and this ftandard heat may be graduated or 
varied at pleafure, by adding lalts to the liquid of the 
water bath, becaufe this fingle circumftance renders the 
ebullition more or iefs quick and eafy. The fame effect 
may likewife be produced by retraining the evaporation ; 
for in this cafe the liquid may alTume a degree of heat 
much more confiderable, as is feen in the digefler of 
Papin, fleam engines, eolipiles, and the boilers for 
ftriking the red tinge in cotton. 

Sublimation differs from evaporation, becaufe the 
fub(tance to be raifed is folid. The veiTels ufed in this 
operation are known by the name of fublimatory veiTels. 
Thefe are commonly globes terminating in a long neck : 
they are then called mattraffes. 

In order to fuolime any fubftance, a part of the ball 

of the mattrafs is furrounded with fand. The matter 

which is volatilized by the heat, riles, and is condenfed 

:ft part of the veffel ; where it forms a 

• or Cake, that maybe taken out by breaking the 

in tjiis . . : . U arnmemia 
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rofive fublimate, and other fimilar products, are formed 
for the purpofes of commerce. 

Sublimation is ufually" performed either for the purpofe 
of purifying certain fubflances, and difengaging them 
from extraneous matters ; or elfe to reduce into vapour, 
and combine under that form, principles which would. 
have united with great difficulty if they had not been 
brought to that (late of extreme divifion. 

II. The reverberatory furnace. — The name of the 
reverberatory furnace has been given to that conftrtxfiion 
which is appropriated to diftillation. 

This furnace is compofed of four parts, i . The am- 
hole, intended for the free paifage of the air, and to 
receive the allies or rcfidue of the combuft ion. 2. The 
fire-place, feparated from the afh-hole by the grate, and 
in which the combuflible matter is contained. 3. A 
portion of a cylinder, which is called the laboratory, 
becaufe it is this part which receives the retorts employed 
in the operations or diftillations. 4. Thefe three pieces 
are covered with a dome, or portion of a fphere, pierced 
near its upper part by an aperture, which affords a 
free paifage to the current of air, and* forms a chim- 
ney. The mod ufual form of the reverberatory furnace 
is that of a cylinder terminated by a hemifphere, out of 
which arifes a chimney of a greater or lefs length, to 
produce a fuitable degree of afpiration. 

In order that a reverberatory furnace may be well 
proportioned, it is neceffary, 1. That the afh-hoie mould 
be large, to admit the air freili and unaltered. 2. That 
the fire-place and laboratory together mould have the 
form of a true ellipfis, whofe two foci mould be occupied 
by the fire and the retort. In this cafe all the heat, 
whether direct or reflected, will ftrike the retort. 

The reverberatory furnace is ufed for diftillation. 
Diftillation is that procefs by which the force or fire is 
applied to difunite and feparate the feveral principles of 
bodies, according to the laws of their volatility, and 
their feveral .affinities. 

Difliliing veffels ^re known by the name of retorts. - 
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Reports are formed of glafs, of (lone-ware, of porce- 
lain, or of metal ; thefe fubftances being refpectively 

J, according to the nature cf the bodies intended to 
be exppfed to didiliation. 

Whatever be the nature of the material, the forms of 
retorts are the fame. This figure refembles an egg, 
terminating in a beak or tube, which diminifhes inleniibly 
in diameter, and i-s flightly inclined or bended, 

The oval portion of the retort, which is called its belly, 
is placed in the laborjtory of the furnace, and is fup- 
ported upon two bars of iron, which feparate the labora- 
tory from the fire-place; while the beak or neck of the 
retort iffues out of the furnace through a circular aperture 
formed in the edges of the dome and of the laboratory* 

A veifel intended to receive the product of the diftiila- 
tion is fitted to the neck of the retort. This veifel is called, 
the recipient, Gr receiver. 

The receiver is commonly a fphere with two apertures 5 
the one of confiderable magnitude, to receive the neck o£ 
the retort ; the other fmaller, to afford vent for the vapours* 
This part is called the tubulnre of the receiver ; whence 
the terms tubulated receiver, or receiver not tubulated, &c. 

Though the reverberatory furnace be particularly 
adapted to diflillation, this operation may be performed 
on the fand-bath ; and here, as in other cafes, it depends 
fingly on the intelligence of the artift to vary his apparatus 
according to the neceilky of circumflances, and the nature 
of the fubMances upon which he operates. 

The conftruction of thefe furnaces may likewife be 
Varied; and the chemift will find it necefiary to learn the 
art of availing himfclf of every apparatus he poifeffes, to 
carry his operations into execution : for if he iliould per- 
fuade hirafelf that it is impoflible to proceed in chemical 
refearch, excepting in a laboratory provided with all 
fuitabie velTels; he may let the moment pafs in which a 
difcovery might be made, but whLh may not again return. 
And it may truly be faid, that he who treads fervilely in 
the paths of others who have gone before him, will ne- 
ver attain to the difcovery of new truths. 
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III. The forge furnace.— The forge furnace is that in 
■which the current of air is determined by bellows. The 
afh-hole, the fire place, and the laboratory are here all 
united together and this affemblage forms only a portion 
of a cylinder, pierced near the lower angle by a frriatf 
hole, into which the tube of the bellows enters. This 
part is fometimes covered with a hemifphere or dome, to 
concentrate the heat with greater efficacy, and to reflect: 
it upon the bodies expofed to it. The forge furnace is 
employed in the fuficn and calcination of metals, and 
generally for all the operations which are performed in 
crucibles. 

By crucibles we underftand veffels of earth or metal, 
which are almofl: always of the form of an inverted cone. 
A crucible ought to fnpport the ftrongeft heat without 
melting: it ought to refift the attacks of all fuch agents ax 
areexpoied to heat in veiTels of this kind. Thofe cruci- 
bles which poffefs the greateff. degree of perfection, are 
made in HefTe or in Holland. I have made very good ones 
by a mixture of raw and unbaked -day from Salavas in the 
Vivarais. 

Our laboratories haveoeen provided with crucibles of 
platina, which unite the mod excellent properties. They 
are nearly infufible, and at the fame time indeflructible 
by the fire. 

The feveral earthen veffels concerning which we have 
here treated, may be fabricated by the hand, or wrought in 
the lathe. The firft proceeding renders them more folid, 
the clay is better united, and it is the only method ufed 
in glafs manufactories; but the fecond method is more 
expeditious. 

The agent of fuch decompositions as are effected by 
means of furnaces, is fire. It is afforded by the combui- 
tion of wood, "pit-coal, or charcoal. 

Wood is only employed in certain large works; and 
we prefer charcoal in our laboratories, becaufe it does not 
(moke, has no bad fmell, and burns better in fmall maffes 
than other combuft ibles. We choofe that which is the 
moil foncrous, the dried, and the lead porous. 
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: Bat, in the feveral operations we are about to defcribe, 
it is necelTary to defend the retorts from the immediate 
action of the fire ; and alfo to coerce and re (train the ex- 
panfible vapours, which are very elailic, and frequently 
corrofive. .It is to anfwer thefe purpofes that various lutes 
are employed. 

i. A glafs retort expofed to the action of the fire would 
infallibly break, if the operator were not to have recourfe 
to the prudent precaution of coating it with earth. 

I have found it advantageous for the coating of retorts, 
toufe a mixture of fat earth and frefh horfe dung: for 
this purpofe, the fat earth is fuffered to rot for fome hours 
in water; and when it is moiftened, and properly foften- 
ed, it mult be kneaded with the horfe dung, and. formed 
into a foft pafte, which is to be applied and fpread with 
the hand upon every part of the retort intended to be ex- 
pofed to the action of the fire. The horfe dung combines 
fsveral advantages, i . It contains a ferous fluid, which 
hardens by heat, and ftrongly connects all the parts toge- 
ther: when this juice has been altered by fermentation or 
age, the dung does notpciTefs tfte fame virtue, i. The 
filaments or (talks of hay, which arefo eafily diitinguifhed 
in horfe dung, unite all the parts of the lute together. 

Retorts luted in this mannner refill the imprefiion of 
the fire very well; and the adhefion of the lute to the 
retort is fuch, that even fhould the retort fly during the 
operation, the diftillation may be ftill carried on, as I 
have daily experience in works in the large way. 

2. When.it is required to coerce or oppofe the efcape 
of the vapours which are difengaged during any operation 
it is no doubt fufficient if the joinings of the veffels be co- 
vered with paper glewed on, or with flips of bladder 
moiftened with the lute of lime and white of cg^, provi- 
ded the vapours be neither dangerous nor corrofive; but, 
when the vapours are corrofive, it is necefiary to ufe the 
fat lute to retain them. 

' Fat lute is made with boiled linfeed oil mixed and 
well incorporated with fifted clay. Nut oil, kneaded 
with the fame clay, forms a lute'pofieiiing the fame pro- 
perties. It is eafily extended in the hand, and is ufed fcv 
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defending the joinings of vefTels, upon which it is artery 
wards fecured by {trips of linen, dipped in the lute cr 
lime and white of egg. Before the application of heat in 
any diuillation, it is neceffary firft to fuffer the lutes to 
dry. Without this precaution, the vapours would rife 
and efcape; or otherwife they would combine wife the 
water which moittens the lutes, and would corrode and 
deftroy the bladder, the flcin, the paper, and in a word 
every fabuance ufed to fecure them in their places. The 
lute of lime and white of egg dries very fpeedily, and muft 
be ufed thj moment it is made. This lute, likewife, 
pppofes the greatest refinance to the efcape of the vapours, 
and adheres the rrioft intimately to the glafs. It is made 
by mixing a fmall quantity of finely-powdered quick-lime 
with white of egg, and afterwards beating up the mixture 
to facilitate the combination. It muff then be inftantly 
applied on pieces of old linen, to be wrapped round the 
places of joining. 

In the large works, where it is not poffible to attend to 
all thefe minute details, the joinings of the retort and 
receiver are luted together with the fame lute which is 
ufed to coat the retorts. A covering of the thicknefs of 
a few lines is fufficient to prevent the vapours of the 
marine or nitrous acid from efcaping. 

As in certain operations a difengagement takes place of 
fo prodigious a quantity of vapours, that it is dangerous 
to confine them'; and as, on the other hand, the fuf T 
fering them to efcape would cccafion a considerable lofs 
in the product ; an apparatus has been contrived of great 
ingenuity and fimplicity to moderate the iiTue, and to 
retain without rifk fuch vapours as would otherwife 
efcape. This apparatus is known by the name of its 
author, Mr. Woulfe, a famous Englifh chemiil. His 
mod excellent procefs confifts in adapting the extremity 
of a recurved tube to the tubulure of the receiver ; the 
other end of which is plunged into water, in a bottle 
half filled, and properly placed for that purpofe. From 
the empty part of this bottle iflues a fecond tube, which 
is in like manner plunged in the water of a fecond bottle. 
A number of other bottles may be added, obferving the 
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fame precautions; with the attention, neverthelefs, to 
leave the laft open, to give a free efcape to the vapours 
which are not coercible,: and, when the apparatus is 
thus difpofed, all the joinings are to be luted. It will 
eafily be imagined that the vapours which efcape from the 
retort are obliged to pafs through the tube adapted to the 
tubulure of the receiver, and confequently mure pafs 
through the water of the flrft bottle : they therefore 
fuffer a firft refiftance, whicli partly condenfes them. 
But as aimofr. all vapours are more or lefs mifcible and 
foluble in water, a calculation is previouily made of the 
quantity of water necelTary to abforb the vapours which 
are difengaged from the mixture in the retort ; and care 
is taken to diftribute this proper quantity of water in the 
bottles of the apparatus. 

By this means we obtain the pureif. and moft concen- 
trated products ; becaufe the water, which is always 
the receiver, and is the vehicle of thefe fubftances, be- 
comes faturated with them. There is, perhaps, no 
other method of obtaining products always of an equal 
energy, and comparable in their effects ; a circumflance 
of the greateft importance in the operations of the arcs, 
as well as in philofophical experiments. 

I have applied this apparatus to works in the large way; 
and I ufe it to extract the common muriatic acid, the oxi- 
genated muriatic acid, ammoniac or volatile alkali, &c. 

As it would very often happen, in this apparatus, 
that the preifure of the external air would caufe the wa- 
ter of the outer veiTels to pafs into the receiver, in con- 
fequence of the fimple refrigeration of the retort ; tins 
inconvenience has been obviated, by inferting a ftraight 
tube into the necks of the firfb and the fecond bottles, to 
fuch a depth, that its lower end is plunged into the water, 
while its other end rifes feveral inches above the neck 
of the bottle. It may eaiiiy be conceived, as a confe- 
quence of this difpofnion, that when the dilated vapours 
of the receiver and retort are condenfed by cooling, the 
external air will rulh through thefe tubes to eitablifh the 
equilibrium ; and water cannot pafs from the one to 
the other. 
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Before the invention of this apparatus, it was ufnal to 
drill a hole in the receiver, which was kept clofed, and 
only opened from time to time for the efcape of the 
vapours. This method was inconvenient in many re- 
fpe&s. In the firfl place, and principally, becaufe, in 
fpite of all precautions, it was attended with the rifle of 
an explofion every moment, by the irregular difengage- 
ment of the vapours, and the impoffibility of calculating 
the quantity produced in a given time. A fecond incon- 
venience was, that'the'vapburs which thus efcaped occa- 
fioned a confiderable lofs in the product, and even weak- 
ened the remainder ; becaufe this volatile principle con- 
fided of the itrongeft part. A third inconvenience was, 
that the vapours which did efcape incommoded the artift 
to fuch a degree, that it was impofiible to perform moil 
of the operations of chemiflry in the courfe of a lecture, 
where a confiderable number of auditors were prefent. 

Thus it is that the apparatus of Woulfe unites a 
number of advantages: on the one hand, economy in the 
proceffes, and fuperiority in the product; on the other 
hand, fafety for the chemift and his affiftants : and in 
every point of view the author is entitled to the bed 
acknowledgments of chemiffo, who were too often fo 
much affected with thefe unwholefome exhalations, that 
their health was either totally deftroyed, or they fell 
abfolute victims to their zeal for the- promotion of fcience. 

It is neceffary that a laboratory fhould be provided 
with balances of the utmoft accuracy; for the chemift, 
who very frequently operates only upon fmall quantities, 
ought to be able by the ftrictnefs of his operations, and 
the accuracy of his apparatus, to produce refults compar- 
able with thofe of works in the large way. It frequently ' 
happens that the fimple efTay of a fpecirnen of an ore deter- 
mines the opening of a mine: and it fcarcely need be 
pointed out, of how great confequertre it is to remove 
every caufe of error from the operations of cheraiftry ; 
fince the flightefc error in the works of the ta'Sofatory 
may be attended with the mod unhappy cdnfequence*, 
when the application of the principles is made to wc: 
in the large way. 
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We fhall treat of other vefTels and of the chemical appa- 
ratus, in proportion as we fhall have occafion to make ufe 
of them; for it appears to us that, by thus connecting the 
description with their ufe, we {hall fucceed better in ren- 
dering them intelligible to the reader, at the fame time, 
that his memory will be lefs fatigued. 



SECTION I. 



Concerning the General Law which tends to bring the Particles of 
Bodies together and to maintain them in a State of Mixture or 
Combination. 

X HE Supreme Being has given a force of 
mutual attraction to the particles of matter ; a principle 
which is alone fufficient to produce that arrangement which 
the bodies of this univerfe prefent to our obfervation. As 
a very natural confequence of this primordial law, it fol- 
lows that the elements of bodies muii have been urged . 
tOvVurds each other; that maiTes mud have been formed 
by th^ir re-union; and that folid and compact bodies 
mud have infenfibly been conftituted; towards which, as 
towards a centre, the lefs heavy and lefs compact bodies 
mud gravitate. 

This law of attraction, which the chemifts call Affinity, 
tends continually to bring principles together which ar, 
disunited, and retains with more or lefs energy thofe 
which are already in combination ; fo that it is impoffible 
to produce any change in nature, without interrupting 
or modifying this attractive power. 

It is natural, therefore, and even indifpenfable, that we 
fhould fpeak of the law of the affinities before we proceed 
to treat of the methods of analyfis. 

Affinity is exrrcifed either between prinvj'fs of the 
fame nature, or between principles of a diftc; ■ 
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We may, therefore, didinguifh two kinds of affinity, 
withrefpeft to the nature of bodies. I. The affinity of 
aggregation, or that which exifts between two principles 
of the fame nature. 2. The affinity of composition, or 
that which retains two or more principles of different 
natures in a date of combination. 

Of the Affinity of Aggregation* 

Two drops of water which unite together into one, 
form an aggregate, of which each drop is known by the 
name of an integrant part. 

An aggregate differs from a heap ; becaufe the inte- 
grant parts of this lad have no perceptible adhefion to 
each other 5 as, for example, a heap of barley, of fand, 
&c. 

An aggregate and a heap differ from a mixture; becaufe 
the condiment parts of this lad are of a different nature; 
as, for example, in gun-powder. 

The affinity of aggregation is ftronger, the nearer the 
integrant parts approach to each other ; fo that every 
thing which tends to feparate or remove thefe integrant 
parts from each other, diminifhes their affinity, and 
weakens their force of cohefion. 

Heat produces this effect, upon mod known bodies J 
hence it is that melted metals have no confidence. The 
caloric, or matter of heat, by combining with bodies, 
almod always produces an effeft oppofite to the force of 
attraction ; and we might confider ourfelves as authorifed 
to affirm that it is a principle of repuliion, if found che- 
rnidry had not proved that it produces this effeft only by 
its endeavour to combine with bodies, and thereby riece£ 
farily diminishing their force of aggregation, as all other 
chemical agents do. Befides which, the extreme levity 
of caloric produces the eitecl that, when it is combined 
with any given body, it continually tends to elevate it, 
and to overcome that force which retains it, and preci- 
pitates it towards the earth. 

The mechanical operations of pounding, of hammer- 
ing, or of cutting, likewife diminifli the affinity of aggrt- 
gation. They remove the integrant parts to a didance 



from each ether; and this new -diipofition, by prefehting 
a lefs degree of adhefion, and a larger lurface, facilitates 
the immediate aclion, and augments the energy, of che- 
mical agents. It is for this purpofe that bodies are divi- 
ded when they, are to.be analyfed, and that the eficdl of 
re-agents is facilitated by the action of heat. 

The mechanical divifion of bodies is more difficult, the 
ftro'nger their aggregation. 

Aggregates exiib under different dates; they are folid, 
liquid, aeriform, &c— See Fourcroy's Chemifcry* 

Of the Affinity of Composition. 

Bodies of diifcrent kinds exert a tendency or attrac* 
tion upon each other, which is more oV lefs ftrong; and 
it is by virtue of this force that all the changes of com- 
panion or decompofition obferved amongft them, are 
fted. 

The affinity of compofition exhibits invariable laws ia 
all the phenomena it caufesi We may {fate theie laws as 
general principles; to which may be referred all the effects 
prefented to our obfervaiion by the action of bodies upori 
each other. 

I. The affinity cf compofition acts only between the 
confHtueat parts of bodies. 

The general law of attraction is exerted upon the maf- 
: and in this refpecf it differs from the law of the affi- 
nities, whieh does not perceptibly act but on the elemen- 
tary particles of bodies* Two bodies placed near each 
other do not unite; but, if they be divided and mixed, a 
combination may arile. We have examples of this when 
the muriate of fada, or common fait, is triturated with 
Ikhrage; the muriate ammoniac, or common fal ammo- 
niac, with lime, &c. And it may be afferted that the 
energy of the affinity of compofui^n is almoft always pro* 
portioned to the degree of the divifion of bodies. 

II. The affinity o( compofition is in the inverfe ratio 
of the affinity ot a >n. 

It is io much the mc ult to decompofe a body, z? 

its condiment principle: are unirod or retained by a 

j . Gafqp, ai ; ally vapevr, c.;ntimully 
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tend to combination, becaufe their aggregation is weak J 
and nature, which is conflanily renewing the produc- 
tions of this univerfe, never combines folid with folidj 
but, reducing every thing into the form of gas, by this 
means breaks the impediments of aggregation; and thefe 
gafes uniting together, form folids in their turn. 

Hence, no doubt, it arifes, that the affinity of compo- 
iition is fo much the more ftrong as bodies approach nearer 
to the elementary Rate; and we mail obferve, on this 
iubjecl, that this law of nature is founded in wifdcm: for 
if the force or affinity of compofition did not increafe in 
proportion as bodies were brought to this degree of fim- 
plicity; if bodies did not affume a decided tendency to 
unite and combfhe, in proportion as they approach to 
their primitive or elementary (late; the mafs of elements 
Would continually increafe by thefe fucceffive and uninter- 
rupted decompofitions; and we fhould infenfibly return 
again to that chaos or confufion of principles, which is 
fuppofed to have been the original ftate of this globe. 

The neccflity of this ilate of diviiion, which is fo pro- 
per to increafe the force of affinity, has caufed it to be 
admitted as an inqonteilable principle, that the affinity of 
compofition does iiot take place, unlefs one of the bodies 
be in the fluid (late:- corpora non agunt nifi fint fluids. 
But it feems to me that extreme diviiion might be fubfti- 
tuted inflead of diilolution; for both thefe operations tend 
only to attenuate bodies, without altering their nature. 
It is by virtue of this ciivifion, which is equivalent to dif- 
folution, that the decern pcfuion of muriate of foda is 
effected by trituration with minium, as well as the union 
of cold and dry alkali with antimony, and the difeno-age- 
ment of volatile alkali by the fnnple mixture of fai ammo- 
niac with lime. 

III. When two or more bodies unite by the affinity of 
compofition, their temperature changes. 

This phenomenon cannot be explained but by confider- 
ing the fluid of heat as a condiment principle of bodies, 
unequally difturbed amongft them; fo that, when any 
change is produced in bodies, this fluid is difplaCed in its 
turn, which neceflarily produces a change of i ...ye. 
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We fnall return to theie principles when we fpeak of 
hear. 

IV. The compound which refults from the combination 
of two bodies, poffeffes properties totally different from 

. thofe of its conftituent principles. 

Some chemifr.3 have affirmed, that the properties of 
compounds were intermediate between thofe of their con- 
flituent parts. But this term " intermediate" has no 
meaning in the prefent cafe; for what intermediate quali- 
ties can exit! between four and fweet, or between water 
and fire ? 

If we attend ever fo little to the phenomena which are 
exhibited to us by bodies in their competition, we {hall 
perceive that their form, their tafle, and their confidence, 
are changed in combination ; and we cannot eitablifh any 
rule to indicate, a priori, all the changes which may arife, 
and the nature and properties of the body which fhall be 
formed. 

V. Every individual fubftance has its peculiar affinities 
with the various fubftances prefented to it. 

If ail bodies had the fame degree of affinity with each 
other, no change could take place amongft them : we 
fnould not be able to difplace any principle by prefentinr r 
one body to another. Nature has therefore wifely varied 
the affinities, and appointed to each body its relation 
with all thofe that can be prefented to it. 

It is in confequence of this difference in the affinities 
that all chemical decompofitions are effected : all the 
operations of nature and art are founded upon it. It is 
therefore of importance to be well acquainted with all 
the phenomena and circumftances which this law of 
decompofition can prefent to us. 

The affinity of compofition has received different names, 
according to its effects. It is divided into fimple affinity, 
double affinity, the affinity of an intermedium, reciprocal 
affinity, &c. 

1. Two principles united together, and feparated by 
means of a third, afford an example of fimple affinity: it 
Conjifts in the difplacing; of one principle by the addition 
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of a third. Bergman has given it the name cf Elective- 

Attra&iou. . . 

The body which is difengaged, or difplaced, is known 
by the name of the Precipitate. An alkali precipitates 
metals from their folutions ; die fulphunc acid precipi- 
tates the muriatic, the nitric, &c. . 

The precipitate is not always formed by the difengaged 
fubflance. Sometimes the new compound itfelf is preci- 
pitated ; as, for example, when I pour the fulphuric or 
vitriolic acid on a folution of muriate of lime. Some- 
times the difengaged body and the new compound are pre- 
cipitated together ; as, for example, when the fulphate of 
inagnefia or Epfom fait is dilTolved in water, and precipi- 
tated by means of lime-water. 

2. It often happens that the compound of two princi- 
ples cannot be deflroyed either by a third or a fourth 
body feparately applied ; but if thefe two bodies be united, 
and placed in contact with the fame compound, a decom- 
position or change of principles will then take place. This 
phenomenon conftitutes the double affinity. An exam- 
ple will render this propofition more clear and precife. 
The fulphate of pot-afh or vhriolated tartar is not com- 
pletely decompofed by the nitric acid or by lime, 
when either of thefe principles is feparately prefented ; 
but, if the nitric acid be combined with lime, this nitrate 
of lime will decompofe the fulphate of pot-afh. In this 
laft cafe the affinity of the fulphuric acid with the alkali is 
weakened by its affinity to the lime. This acid, therefore, 
as fubject to two attractions ; the one which retains it to 
the alkali, and the other which attracts it towards the 
lime: Mr. Kirwan has named the firfl the C. 
Affinity, and the other the Divellent Affinity. r J 
fame may be faid refpe&ing the affinites of the aJJcaii ; it 
is retained to the fulphuric acid by a fnperio;- force, but 
r.everthelefs attracted by the nitric acid. Let us fuppofe, 
now, that the fulphuric acid adheres to the alkali with a 
force as 8, and to the lime by a force cxprdTcd by the 
number 6 ; that the nitric acid adheres to the linqe fcy a 
iorzt as 4, anjd lends to yn::e with the alk i e a« 



Various Cafes of Affinity. l§ 

7. It may then be perceived that the nitric acid and the 
lime, feparately applied to the fnlphate of pot-aih, would 
not produce any change: but if they be prefented in a Hate 
of combination, then the fulphuric acid is attra&ed on 
the one hand by 6, and retained by 8 ; it has therefore 
an effective attraction to the alkali as 2. On the other 
hand, the nitric acid is attracted by a force as 7, arid 
retained by a force as 4 ; it therefore retains a tendency 
to unite with the alkali, which is denoted by the number 
3; and confequently it ought to difplace the fulphuric acid, 
which is retained only by a force as 2. 

3. There are cafes in which two bodies, having no 
perceptible affinity to each other, obtain a difpofition to 
unite by the intervention of a third ; and this is called 
the affinity of an intermedium. An alkali is the interme- 
dium of union between oil and water ; hence the theory 
of lixiviums, of wafhings, &c. &c. 

If the affinities of bodies were well known, we might 
foretel the remits of all operations : but it is obvious how 
difficult it mufl be to acquire this extenfive knowledge of 
nature; more efpecially fmce modern discoveries have 
exhibited to us an infinity of modifications in our proceffes, 
and have (hewn that refults may vary with fuch facility, 
that even the abfence or prefence of light will render them 
very different. 

As long as cherniftry was confined to the knowledge of 
a few fubfhnces, and was bufied only in attending "to a 
certain number of facts, it was- poffible to draw up tables 
of affinity, and to exhibit the remit of our knowledge in 
one and the fame table. But all the principles upon 
which thefe tables have been conilructed, have received 
modifications ; the number of principles has increafed'; 
and we find ourfelves under the neceffity of labouring 
upon new ground. A iketch of this great work may be 
feen in the Effay on Affinities of the celebrated Bergman, 
and in article Affinity in the Encyclopedic Methodique. 

VI. The particles which are brought together and 
united by affinity, whether they be of the fame nature or 
of different natures, continually tend to form bodies of 
a polyhedral conftant, and determinate form. 
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This beautiful law of nature, by which (he impreffes on 
all her productions a conflant and regular form, appears 
to have been unknown to the ancients : and when che. 
mills began to difcover that almoft all bodies of the mine. 
ral kingdom affe&ed regular forms, they at firft diftin- 
guiflied them according to the inaccurate refemblance 
fuppofed to exill between them and other known bodies. 
Hence the denomination of cryftals in pyramids, needles, 
points of diamonds, croffcs, fword blades, &c. 

We are more particularly indebted to the celebrated 
Linnaeus for the firli precife ideas of thefe geometrical 
figures. He took notice of the conftancy and uniformity 
of this character ; and this celebrated natural id thought 
himfelf authorifed to make it the bafis of his method of 
clarification of the mineral kingdom. 

Mr. Rome de Lifle has proceeded ftill farther : he 
has fubjected all the forms to a ftricl: examination ; he ha?, 
as it were, decompofed them ; and is of opinion that he 
can diftinguifh in the cryftals of all analogous or indents 
cal fubflances, the fnnple modifications and (hades of a 
primitive form. By this means he has reduced all the 
confufed and irregular forms to certain primitive figures j 
and has attributed to nature a plan or primitive defign, 
which flie varies and modifies in a thoufand manners, 
according to circumftances that influence her proceedings. 
This truly great and philofophical work has rendered 
this part of mineralogy in the highefl degree interefHng \ 
and if we fhould admit that Mr. De Lifle has perhaps 
carried thefe refemblances too far, we car.net but allow 
that he deferves a diftinguifhed place amongft thofe 
authors who have contributed to the progrefs of fcience. 
The Cryftallographie of this celebrated naturalift may be 
perufed with advantage. 

The abbe Hauy has fince applied calculation to obfer- 
vation. He has undertaken to prove that each cryfbl 
has a nucleus or primitive form ; and has fhewn the laws of 
diminution to which the component laminaa of the cryfl 
are fubject, in their tranfition from the primitive to the 
fecondary forms. The development of thefe fine prin- 
ciples, and their application to cryftals the bell kn<aw3j 
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may be feen in his theory of the ftructure of cryftals, 
and in feveral of his memoirs printed in the volumes of 
the Academy of Sciences. 

The united labours of thefe celebrated nauralifta have 
carried cryflallography to a degree of perfection of which 
it did not appear fufceptible. But we Mall, at this 
moment, attend only to the principles according to which 
cryftallization is effected. 

To difpofe a fubuance to cryftallization, it is neceffary 
in the firft place to reduce it to the moll complete flate of 
divificn. 

This divifion may be effected by folution 5 or by an 
operation purely mechanical. 

Solution may be effe&ed either by the means of water 
or of fire. The foiution of falts is in general performed 
in the firft liquid, that of metals is effected by means of 
the fecond ; and their foiution is not complete until a 
degree of heat is applied of fulllcient intenfity to convert 
them into the (fate of gas. 

When the water which holds any fait in foiution is 
evaporated, the principles of the diffolved body are 
inienfibly brought nearer to each other, and it is obtained 
in regular form. The fame circumftance nearly takes 
place in the foiution by fire. When a metal is impreg- 
nated with this fluid, it does not cryftallize but in propor- 
tion as this excefs of igneous fluid is withdrawn. 

In order that the form of a cryftal may be regular, 
three circumftances are required ; time, a fulllcient mace, 
and repofe. Confult Linnaeus, Daubenton, czc. 

A. Time caufes the fuperabundant fluid to be flowly 
diflipated, and brings the integral parts nearer each other 
by infenfible gradation, and without any fudden fhock. 
Thefe integrant parts therefore unite according to their 
conftant laws, and form a regular cryftal. For this rea- 
fou it is, that flow evaporation is recommended by all 
good chemjfts. Vide Stahl's Treadle on falts, chap. 29. 

In proportion as the evaporation of the folvent is effec- 
ted, the principles of the diffolved body approach each 
other, and their affinity is con; inualiy augmented while 
thai; of tlie ic>lvent remains . d. Hence it arifes, 
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no doubt, that the lad portions of the folvent are n 
difficultly volatilized, and that lalts retain a greater or, 
lefs quantity, which forms their water of cryitallization. 
The proportion of water of cryflallization not only varies 
greatly in the different falts, but it adheres with greater 
or lefs flrength. There are fome which fuffer this water 
to fly off when they are expofed to the. air ; fuch as foda 
or the mineral alkali, the fulphate of foda or Glauber's 
fait, &c. In this fituation thefe falts lofe their tranfpa- 
rency, and fall into powder : they are then faid to have 
efflorefced. There are other falts which obfHnately retain 
their water of cryllallization ; fuch as the muriate of 
pot-afh, the nitrate of pot-afh or common nitre, &c. 

The phenomena prefented to us by the different falts, 
when forcibly deprived of their water of cryflallization, 
exhibit other varieties. Some crackle with the heat, and 
are thrown about in fmall pieces when the water is difH- 
pated ; this appearance is called decrepitation. Others emit 
the fame water in the form of fleam, and are liquefied 
with a diminution of their bulk. Others again fwell up, 
and become converted into a bliflered or porous fubilance. 

We are indebted to Mr. Kirwan for an accurate table 
of the water of cryflallization contained in each fait. 
This table may be feen by confulting his Mineralogy. 

The fnnple cooling of the fluid which holds the fait in 
folution may precipitate a confiderable quantity. The 
caloric and the water diffolve a greater quantity of fait 
when their action is united ; and it may eafily be ima- 
gined that the fubtraclion of one of the folvents mud 
occafion the precipitation of that portion which it held in. 
folution. Thus it is that warm water faturated with fait, 
mud fuffer a part to precipitate by cooling ; and for this 
reafon cryflallization always begins at the furface of the 
liquid, and on the fides of the containing veffelj namely, 
becaufe thefe parts are the firfl which fuffer refrigera- 
tion. 

It is the alternation of heat and cold which caufes the 
atmofphere to diffolve fometimes a greater, and fometimes 
a lefs quantity of water; and conftitutes mills, the even- 
ing dew, &c, 
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i hi mutual approach of the conftituent parts of a body 
held in folution may be likewife accelerated by preferring 
to the water which frifpends them, another body which 
has a (tronger aSnity to it. It is upon this principle that 
alcohol precipates feveral falts. 

B. Space or fufficient room is likewife a condition necef- 
fary for obtaining regular crystallization. If nature be 
refcrarabd in her operations, the product of her labour 
will exhibit fynaptoms of this ilate of constraint. It may 
be averted that nature forms her productions according 
to all the cireumftauces which may influence her opera- 
tions. 

C. A (late of repo-fe in the fluM is likewife necefiary 
to obtain very regular forms. Uninterrupted agitation 
oppofes all fymetrical arrangement; and in this cafe the 
cryftallizatiou obtained will be confdfed and indeterminate. 

I am perfuaded that, in order to obtain bodies under 
the form of cryftals, a previous folution is not neceffary, 
but that a fimple mechanical diviiicn would be fufficient. 
To obtain a conviction of this truth, it is only neceffary to 
obferve that folution does not change the nature of bodies, 
bat limply procures an extreme (late of divifion ; fo that 
the difuiiited principles approaching each other very gra- 
dually, and without darts, can adapt themfelves to each 
other, by following the invariable laws of their gravity and 
affinity. Now a divifion purely mechanical produces the 
e effect, and places the principles in the fame difoofi- 
tion. We ought not therefore to be furprifed if molt 
fr.its, Aich as oypfuip, when difperfed in the earth, Should 
aflume regular forms without any previous folution 'j nei- 
ther ought we to think it ftrange if the imperceptible 
fragments of quartz, of fpar, &c. when carried along and 
prodigipuily divided by the aclion of waters, fiiould be 
depefited in the form of regular cryfla-s. 

A very lingular property may be obferved in falts ; 
which may be referred to cryftallization^ but is likewife 
in fome rnea'ffcre remote from it, becaufe it does not depend 
upon the fame caufes. This is the property of rifing along 
the fides of the velTels which contain the folution. It is 
:; by the name of $afe£ Vegetation. 
K 
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I havefirfl: demonftrated that this phenomenon depends 
en the concurrence of air and light ; and that the effect 
may be determined at pteafure towards any part of the 
veffel, by managing and directing the a&ion of thefe two 
agents. 

I have fhewn the principal forms which this lingular 
vegetation affects. The detail of my experiments maybe 
feen in the third volume of the Memoirs of the Academy 
of Touloufe. 

Mr. Dorthes has confirmed my refults ; and has more- 
over obferved that camphor, fpirits of wine, water, &c, 
which rife by infenfible evaporation in half-filled veffels, 
conftantly attach themfelves to the mod enlightened parts 
of the veffels. 

Meflrs. Petit and Rouelle have treated on the vegeta- 
tion of falts ; but a fefies of experiments on the fubject 
was wanting, This is what we have endeavoured to 
fupply. 



section rr. 

Concerning the various Means employed by Chemifls to overcome the 
Adhefion which exifts between the Particles of Bodies. 



A HE law of affinities, towards which our 
attention has been directed, tends continually to bring the 
particles of body into contact, and to maintain them in 
their ftate of union. The efforts of the chemift are almoft 
all directed to overcome this attractive power, and the 
means he employs are reducible to — i. The divifion of 
bodies by mechanical operations. 2. The divifion or fepa- 
ration of the parcicles from each other by the afiiftance 
offolyents. 3. The means of presenting to the feveral 
principles of the fame bodies, fubflances which have a 
flronger affinity to them than thofc principles have to each 
other. 
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I. The different operations performed upon bodies 
by the chemift, to determine their nature, alter their 
form, their texture, and even in fome inftances change 
their conftitution. All thefe changes are either mecha- 
nical or chemical, 

The, mechanical operations we mall at prefent defcribe, 
do not change the nature of fubftances, but in general 
change only their form and bulk. Thefe operations are 
performed by the hammer, the knife, the peftle, &c. 
Whence it follows, that the chemical laboratory ought 
to be provided with all thefe inftruments. 

Thefe divifions or triturations are performed in mortars 
of (lone, of glafs, or of metal. It is the nature of the 
fubflance under examination which determines the ufe of 
one or the other of thefe veifels. 

The object of thefe preliminary operations is, to pre- 
pare and difpofe bodies for new operations which may 
difunite their principles and change their nature ; thefe 
lad-mentioned operations, which may be diftinguiihed by 
the appellation Chemical, are what moll effentially con- 
{titute the analyfis. 

II. The folution to which we are at prefent to attend, 
confifts in the divifion and difappearance of a foiid in a 
liquid, but without any alteration in the nature of the 
body fo diffolved. 

The liquid in which the folid difappears, is called the 
folvent or menftruum. 

The agent of folution appears to follow certain conftant 
laws, which we fhall here point out. 

A. The agent of folution does not appear to differ from 
that of affinity ; and in ail cafes the folution is more or 
lefs abundant, the greater the affinity of the integrant 
parts of the folvent fs to thofe of the body to be diffolved. 

From this principle it follows, that, to facilitate folu- 
tion, it is neceffary that bodies (liould be triturated and 
divided. By this means a greater number of furfaces 
are prefented, and the affinity of the integrant parts is 
diminished, 

It fometimes happens that the affinity between the 
(blvent and the body prefented to it has io little energy, 
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tliat it does not become perceptible till after a confidef- 
able interval of time. Thefe flow operations, of which 
we have fome examples in our laboratories, are common 
in the works of nature; and it is probably to fimilar 
caufes that we ought to refer mofl of thofe refults whole 
c.iufes or agents efcane our perception or obfervation. 

B. Solution is more fpeedy in proportion as the body 
io be diiToived prefents a greater (urface : on this prin- 
ciple is fouiided the practice of pounding, triturating, and 
dividing hodies inten Vd to be diiToived. Bergman has 
even obferved, that bodies which are not attacked in 
liderable. mafles, become foluble after minute divifion. 
Letters on Iceland, p. 421 *., 

G. The foiution of a body conftantiy produces cold, 
vantage has even been taken of this phenomenon to 
procure artificial cold, much fuperior to the mofl 
rigorous temperature ever obferved in- our climates. We 
ihail again advert to this principle whep we come to 
treat of the laws of heat. 

The principal fplvente employed in our operations are 
water, alcohol, and fire. Bodies fubmitted to one or the, 
other of thefe foivents prclent fimjlar plienomena ; they 
are divided, rarefied, and at laft difappear : the moll 
refractory metal meks, is di.fiipated in, vapour, and paf- 
fes to the Rate of gas, if a very ftrong heat be applied to, 
ir. This Tafl (fate forms a complete folution of the mefalk 
fi.bilance in the caloric. 

The efic&. of caloric is often united with one of the 
other foivents, to accpmplifn a more fpeedy and abundant 
folution. 

The three fokents here mentioned do not eMerciu! an 
equal action on all bodies indifcriminatdy. Skilful cl 
miffs have exhibited tables of the dilToiving power of 
thefe menitruums. We may fee, in the Mineralogy of 
Kirwan, with what care that celebrated chemifl has 
exhibited the degree of folubility of each fait in water. 
'Ihe table of Mr. De Morvcau may likewife be coniuked 

3 Von Troll's Letters, quoted by Mr. ] T. 
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on the diffolving power of alcohol. Journal de Phy- 
fique, 1785. 

Mod authors who have treated of folution have confi- 
dered it in too mechanical a point of view. Some have 
iappofed {heaths in the folvent, and points in the body 
diffolved. This abfurd and gratuitous fuppofition has 
appeared fufSctent to account for the action of acids upon 
bodies. Newton and Gaffendi have admitted pores in 
water, in which falts might infinuate themfelves ; and 
have by this means explained why water does not augment 
in its bulk in proportion to the quantity of fait it takes up, 
Gaffendi has even fuppofed pores of different forms ; 
and has endeavoured to fliew by this means how water 
faturated with one fait may diitblve others of another 
kind. Dr. Watfon, who has obferved the phenomena 
of folution with the greateft care, has concluded from 
his numerous experiments ; 1. That the water rifes in 
the veiTel at the moment of the immerfion of the fait. 2. 
That it falls during the folution. 3. That it rifes after 
the folution above the original level. The two lad effects 
feem to me toarife from the change of temperature which 
t]ie liquor undergoes. The refrigeration ariiing from 
the folution muff diminim the volume of the folvent ; but 
it ought to return to its firft Mate as foon as the diffolution 
is finilhed. The tables of Dr. Watfon refpecling thefe 
phenomena, and the fpecifk gravity of water faturated 
with different falts, may be conlulted in the Journal de 
Phyiique, vol. xiii. p. 62*. 

III. As the peculiar affinities of bodies to each other 
are various, the condiment principles may be eafily difen- 
gaged by other fubdances ; and it is upon this confidera- 
tion that the action of all the re-agents employed by che- 
miftry in its analyfis is founded. Sometimes the chemid 
difplaces certain principles, which he can in that date 
examine more accurately, becaufe infulated, and difenga- 
ged from all their combination?. It frequently hap- 
pens that the re-agent made ufe of combines with fotne 
principle of the body analyfed; and a compound arifes, 

* Or in the fifth vol. erf his Chemical EfTays.. T. 
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whofe cha*afters indicate to us the nature of the principle 
which has thus entered into combination, becauie the 
combinations of the principal re-agents with various bafes 
are well known. It likewife frequently happens that the 
re-agent made uk of is itfelf decompofed, which circum- 
fiance renders the phenomena and the produces more com- 
plicated ; but we are enabled from the nature of thefe pro- 
duels to form a judgment of the component parts of the 
body analyfed. This laft fact was little attended to by 
the ancient chemifts; and this is one of the principal de- 
fe&s of the labours of Stahl, who has referred mod of 
thofe phenomena to the bodies which he fubmitted to 
analyfis, which in reality arofe only from the decompofi-. 
tion of the re-agents employed in his operations. 



SECTION III, 

Concerning the Method of Proceeding which the Chemift ought to fo|» 
low in the Study of the various Bodies prefented to us by Nature. 

JL HE progrefs made in any fcience depends 
upon the folidity of thofe principles which form its bafis, 
and upon the method of ftudying them. It is not, there- 
fore, to be wondered at, that chemiltry made but little 
progrefs in thofe times, when the language of chemifts 
was enigmatical, and when the principles of the fcier.ee 
were founded only on analogies falfely deduced, or o 
few facts illy underftood. In the times which have follow- 
ed this epocha, the fa&s have indeed been more attended 
to; but, inftead of fuffering them to fpeak for themfelves 
chemifts have been defirous of making applications, draw- 
ing confequences, and eftabliming theories. Thus it was 
that Stahl, when he firft obferved that oil of vitriol and 
charcoal produced fulphur, if he had then confined him- 
felf to the fimple relation of the fact, he would have an- 
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nounce'd a valuable and eternal truth ; but when he con- 
cluded that the fulphur was produced by the combination 
of the inflammable principle of the charcoal with the oil of 
vitriol, he afferted that which the experiment does not 
point out; then it was that he proceeded further than the 
facts warranted j and this firft rafh ftep might be a firft 
ftep towards error. All doctrine, in order to be lading, 
ought to confift of the pure and fimple expreffion of fa£fe : 
but we are almoft always governed by our imaginations y 
we adapt the facts to our manner of feeing them, and thus 
we are milled by ourfelves. The prejudice of felf-love 
afterwards furnifhes us with various means to avoid recan- 
tation; we exert ourfelves to draw our fuccefTors into the 
fame paths of error; and it is not till after much time has 
been loft, after many vain conjectures have been exhibited 
and after we have the flrongefi convictions that it is im- 
pofuble to bend the nature of things to our caprices and 
unfounded ideas, that fome fuperior mind difengages itfelf 
from the delufion; and returning to experiment, and the 
nature of things, differs himfelf to be led no further than 
he is authorized by thefe to proceed. 

We may affirm, to the honour of our cotemporaries, 
that facts are at prefent difcuffed by a much feverer logic; 
and it is to this vigorous method of invedigation and dif- 
cufTion that we are indebted for the rapid progrefs of che- 
miftry. It is in confequence of this dialectic march that 
we have at length arrived to the practice of attending to 
all the principles which are combined or difengaged in 
the operations of nature and art. We keep an account 
of all the circumdances which have a more or lefs confi- 
derable influence on therefults, and we deduce fimple and 
natural confequences from the whole of the facts ; by 
which means we create a fcience as ftricl in its principles 
as fublime in its applications. 

This then is the moment to draw out a faithful fketch 
of the actual date of chemiftry, and to colic!! in the nume- 
rous writings of modern chemids every; ich may 
ferve to lay the foundation of this beautii ce. 

Not many years ago, it was poflibie to prefent, in a 
few word s j the whole of 
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Was fuftcient, at that time, to point out the methods of 
performing pharmaceutical operations; the procefTes of 
the arts were almoft' ail enveloped in darknefs, the pheno* 
mena of nature were all enigmatical ; and it is only fmce 
this veil has begun to be removed that we have beheld 
the development of a collection of facts and refearches 
referable to general principles, and forming a fcience en- 
tirely new. Then it was that a number of men of genius 
reveiwed the whole, and attended to the improvement of 
chemical knowledge. Every ftep in their progrefs brought 
them nearer to the truth; and in a few years we have 
beheld a perfpicuous doctrine aiife out of the ancient chaos* 
Every event has appeared conformable to the laws they 
eftabliihed ; and the phenomena of art and nature are 
now explained with equal facility. 

But in order to advance with fpeed in the career which 
has been thus opened, it is neceffary to explain certain 
principles, according to which we may direct our fteps. 

In the fir ft place, I think it proper to avoid that tedious 
cuftom which fubjects the beginner in any fcjenee to the 
painful talk of collecting all the opinions of various philo- 
sophers before he decides for himfeif. In reality, facts 
belong to all times, and are as unchangeable as nature 
herfelf, whofe language they are. But the confequences 
deduced from them muft vary according to the ftate of 
our acquired knowledge. It is eternally true for exam- 
ple, that the combuftion of fulphur affords the fulphuric 
acid. It was believed, for a certain time, that this acid 
was contained in the fulphur; but our discoveries on the 
combuftion of bodies ought to have led us to the deduction 
of a very different theory from that which prefented itfelf 
to the earlier chemifts. We ought, therefore, to attach 
ourfelves principally to facts; or rather we ought to attach 
ourfelves to the facts only, becaufe the explanation which 
is given of them at remote times is very feldom fuited to 
the prefent ftate of our knowledge. 

The numerous facts with which chemiftry has been fuo 
ceffively enriched, form the firit embarraflment of the flu- 
dent who is defirous of acquiring the elements of this fci- 
ence. In fact; what are the elements cf a fcience? Tht; i 
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ckar, fimple, and accurate enunciation of thole truths 
Which form its bafis. It is neceffary, therefore, for the 
full accomplifhment of this purpofe, to analyfe all the facts, 
and to exhibit a faithful and clear abridgment : but this 
method is impracticable on account of the numerous de- 
toils, and the infinite number of difcuffions, into which it 
Would lead us. The only proceeding, therefore, which 
appears to me to be practicable, is to exhibit the moll 
decihve experiments, thole which are the lead contefled, 
and to neglect thofe which are doubtful or inconclufive : 
for one experiment, well made, eflabliihes a truth as incon- 
teftably as a thoufand equally averred. 

When a proportion is found to be fupported by flifpi- 
cious or conferee! facte, when oppoiite theories are built 
upon contradictory experiments, we mud have the cou- 
rage to difcufs them, to reDeat them, and to acquire a cer- 
taiury of the truth by our own endeavours. But when 
'this method of conviction is out of our power, we ought 
to weigh the degree of confidence which the defenders of 
the oppoiite facts are entitled to ; to examine whether ana- 
logous facts do not lead us to adopt certain refults ; after 
which it becomes us to give our opinion with that modefty 
and circumfpection, fuitable to the greater or lefs degree 
of probability annexed to each opinion. 

But when any doctrine appears to us to be eMablimed 
on experiments of fufnejent validity, it then remains to be 
applied to the phenomena of nature and art. This, in 
my opinion, is the moil certain touchftone to didinguilh 
true principles from thofe which are without foundation. 
And when I obferve that all the phenomena of nature 
unite, and conform themfelves, as it were, to any theory, 
I conclude that this theory is the exprefhon and the lan- 
guage of truth. When, for example, I behold that a 
plant can be fupported by pure water alone, that metals 
are calcinable, that acids are formed in the bowels of the 
earth, have I net a right to conclude that the water is 
decompo/ed ? and do not the chemical facts which in our 
laboratories afford a te.timony of its decompofition — do 
not thefe acquire a new force by the obfervation of the 
preceding phenomena? I c>o1iclude ; therefore, that we 

Li 
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ht to make a point of uniting tliefe two kinds of 
proofs : and a principle deduced from experiment is not, 
in my opinion, dcmonftrable until I Tee that it may with 
facility be applied to the phenomena of art and nature. 
Hence, if I find rayfelf in a ftatc of hesitation between 
oppofite iyilems, I will decide in favour of that whofe 
principles and experiments adapt themfelves naturally, 
and without force to the greateft number of phenomena. 
I will always diilrufl a fihgle fact, which is applicable to 
no conclnfion ; and I will confider it as falfe, if it be in 
oppofition to the phenomena which nature prefents to us. 
It appears to me likewife that he who profeffes to 
fludy, or even to teach chemiftry, ought not to endea- 
vour to arrive at or exhibit the whole which has been done 
m each department, or to follow the tedious progrefs of 
the human mind from the origin of a diicovery to the 
prefent time. This faitidious erudition is fatiguing to the 
uer ; and thefe digreilions ought in no cafe to be 
admitted in the enunciation of fcience, excepting when 
the hiftorical details afford interefling facts, or lead us by 
uninterrupted degrees to the prefent flate of our know- 
ledge. It rarely happens, however, that this kind cf 
refearches, this genealogy of fcience, affords us fuch cha- 
racters; and it ought no more to be admitted, in general, 
that an elementary writer fhould bring together and dif- 
cufs every thing which has been done in a fcience, than 
that he who undertakes to direct a traveller fhould 
previously enter into a long differtation on all the roads 
which have been fucceflively made, and on thofe which 
I L ill exiff , before he mould point out the bed and mortal 
way to arrive at the end of his journey. It may, perhaps, 
be faid of the hiflory of fcience, and more efpccially that 
of chemiftry, that it refembles the hiftories of nations. 
It feldom affords any light refpe&ing the prefent fituation 
of affairs; exhibits many fables concerning pad times; 
induces a necefiity cf entering into difcufhons upon the cir- 
cnmflanccs that pafs in review; and iuppofes a mafs of 
extraneous knowledge acquired on the part of the reader, 
which is independent of the pu.rpofe aimed at- in the find} 
of the elements of chemiftry. 
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When thefe general principles, refpe&ing the ftudy of 
chemiftry, are once well eftabli filed, we may afterwa 
proceed in the chemical examination of bodies in two 
ways: we may either proceed from the fimple to the com- 
pound, or we may defcend from the compound to the fim- 
ple. Both thefe methods have their inconveniences; but 
the greateft, no doubt, which is found in following 1 
firft method is, that, by beginning with the fimpleft bo- 
dies, we prefent fubftances to the confideration of the 
learner which nature very feldom exhibits in fuch a Hate 
ofnakednefs andfimpiicity; and we are forced to conceal 
the feries of operations which have been employed to 
diveft thefe fubftances from their combinations, and reduce 
them to the elementary Hate. On the other hand, if we 
prefent bodies to the view of the learner fuch as they are, 
it is difficult to fucceed : in an accurate knowledge of them ; 
becaufe their mutual action, and in general molt of their 
phenomena, cannot be underftood without the previous 
and accurate knowledge of their conftituent principles, 
iince it is upon thefe alone that they depend. 

After having maturely confidered the advantages and 
inconveniences of each method, we give the preference to 
the firft. We fliall therefore begin by giving an account 
of the feveral bodies in their mod elementary ftate, or 
reduced to that term beyond which analyfis can effeft 
nothing; and, when we fliall have explained their various 
properties, we will combine thefe bodies with each other, 
which will afford a clafs of fimple compounds: and hence 
we fliall rife by degrees to the knowledge of bodies, and 
the mofl: complicated phenomena. We fliall be careful, 
in any examination of the feveral bodies to which we (hall 
direct our refearches, to proceed from known to unknown; 
and our firfl attention fliall be directed to elementary fub- 
ftances. But as it is impoffible, at one and the fame time, 
to treat of all thofe fubftances which the prefent ftate of 
our knowledge obliges us to confider as elementary, we 
fliall confine ourfelves to the exhibition of fuch as are of 
the greateft importance in the phenomena of the globe 
we inhabit, fuch as are almoft univerfally fpread over its 
furface, and fuch as enter as principles into the compos 
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Jition of the re-agents mod frequently employed in our 
operations; fuch, in a word, as we continually find in the 
examination and analyfis of the component parts of the 
globe. Light, heat, fulphur, and carbone are of this 
number. Light modifies all our operations, and moil 
powerfully contributes to the production of all the pheno- 
mena which appertain to bodies either living or inanimate. 
Heat, diftributed after an unequal proportion among all 
the bodies of this univerfe, eftablifhes their various de- 
grees of confidence and fixity; and is one of the great 
means which art and nature employ to divide and volati- 
lize bodies, to weaken their force or adhefion, and by 
that means prepare them for analyfis. Sulphur exifls in 
the products of the three kingdoms; it forms the radical 
of one of the bed known, and mod generally employed, 
acids; it exhibits intereding combinations with mod fim- 
ple fubdances; and, under thefe feveral points of view, 
it is one of the fubdances the mod neceffary to be known 
in the fird deps of chemical fcience. The fame may be 
faid of carbone; it is the mod abundant fixed product 
found in vegetables and animals. Analyfis has difcover- 
ed it in fome mineral fubdances. Its combination with 
oxigene is fo common in bodies, and in the operations of 
art and nature, that there are fcarcely any phenomena 
which do not prefent it to our view, and which confe- 
quently require the knowledge of its properties. From 
all thefe reafons it appears to us, that for the advance- 
ment of chemidry it is neceiTary our fird proceeding mould 
be founded on the knowledge of thefe fubdances; and 
that we fliould not direct our attention to other fimple or 
elementary fubdances, accordingly as they prefent their,* 
fdves, 
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SECTION TV. 
Concerning Simple or Elementary Subflances. 



F we cad an eye over the fyftems which have 
been fucceffively formed by philofophers relative to the 
number and nature of the elements, we mall be afto- 
nifhed at the prodigious variety which prevails in their 
manner of thinking. In the earlier times, every one 
feems to have taken his own imagination for his guide ; 
and we find no reafonable fyffem until the time when 
Ariftotle and Empedocles acknowledged as elements, 
Air, Water, Earth, and Fire. Their opinion has been 
well received for manv a^es ; and it mufl be confeffed 
that it is calculated to feduce the mind. There are, in 
fact, enormous malTes, and inexhauftible (lores, that pre- 
fent themfelves to our view, of thefe four principles, to 
which the deftruclion or decompofnion of bodies appeared 
to refer all the feveral component parts which formation 
or creation had taken from them. The authority of all 
thofe great men who had adopted this fyitem, and the 
analylis of bodies which prefented only thefe four princi- 
ples, afforded fuf&cient grounds for admitting this doc- 
trine. 

But as foon as chemiftry had advanced fo far as to 
difcover the principles of bodies, the profeiTors of that: 
fcience prefumed to mark the number, nature, and 
character of the elements ; and every fubfuance that was 
unalterable by the chemical methods of decompofition, 
was confide* ed by them as a fimple or elementary princi- 
ple. By thus taking the limits of analyfis as the term 
for indicating the elements, the number and the nature 
of thefe mult vary according to the revolutions and the 
progrefs of chemiftry. This has accordingly happened, 
as may be feen by consulting all the authors who have 
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written on this fubje£t, from the time of Paracelfus to 
the prefent day. But it mud be confeffed that it is no 
fmall degree of raflinefs, to affume the extent of the 
power of the artid as a limit for that of the Creator, and 
to imagine that the ftate of our acquifitions is a Hate of 
perfect knowledge. . 

The denomination of Elements ought therefore to be 
effaced from a chemical nomenclature, or at lead it ought 
not to be ufed but as an expreffion denoting the lad term 
of our analytical refults ; and it is always in thi? fenfe 
that we {hall ufe the word. 



CHAPTER I. 

CQJicern'wg Fire. 

1 HE principal agent employed by nature to 
balance the power and natural effect of attraction, is fire. 
By the natural effect of attraction we fhould poffefs none 
but folid and compact bodies ; but the caloric unequally 
difperfed in bodies tends inceffantly to dedroy this adhe- 
•iion of the particles ; and it is to this principle that we 
are indebted for the varieties of confidence under which 
bodies prefent themfelves to our obfervation. The various 
fubfhnces that cornpofe this univerfe are therefore fub- 
jected, on the one hand, to a general law which tends to 
bring them together; and, on the other hand, to a 
powerful agent which tends to remove them from each 
other : it is upon the refpective energy of thefe two 
forces that the confidence of all bodies depends. When 
the affinity prevails, they are in the folid (late ; when 
the caloric is mod powerful, they are in the date of 
and the liquid date appears to be the point of the equili- 
brium between thefe two powers. 
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It is therefore effentially neceffary to treat of fire, fmce 
ft acls fo leading a part in this univerfe ; and becaufe it is 
impoffible to treat of any fubftance whatever, without 
attending to the influence of this agent. 

There are two things to be coniidered in fire — heat 
and lisdit. 

Thefe two principles, which have been very often 
confounded, appear to be very diltinct. in their own 
nature ; becaufe they are fcarcely ever proportional to 
each other, and becaufe each can exift without the other. 

The mod ufual acceptation of the word Fire compre- 
hends heat and light ; and its principal phenomena mud 
have been known for a long time. The difcovery of fire 
muft have been nearly as ancient as the human fpecies 
upon this globe. The {hock of two flints, the action of 
meteors, or the effect, of volcanos, muft have afforded 
the earlieft idea of it ; and it is very aftonifhing that the 
inhabitants of the Marian Iflands were not acquainted 
witb its effects before the invafion of the Spaniards. 
Thefe inlanders, who became acquainted with this terrible 
element only in confequence of its ravages, confidered it 
at firit as a malevolent being which attached itfelf to all 
beings, and devoured them. — See the Abbe Raynal's 
Hiiloire Philofophique, &c. 

The effects of fire are perhaps the moft afloni filing of 
any which nature exhibits ; and we ought not to be 
furprifed that the ancients confidered it as an intermediate 
being between fpirit and matter, and have built the beau- 
tiful fable of Prometheus uDon its origin. We have had 

k O 

the happinefs, in our time, to acquire well-founded and 
extenfive ideas refpe&ing this agent, which we {hall pro- 
ceed to develope in the two following articles. 

ARTICLE I. 

Concerning Caloric and Heat. 

When a metal or a liquid is heated, thefe bodies are: 
dilated in every direction, are reduced to vapour, and at 
iaft become invifible when the n:oil powerful 
o them. 
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Bodies which pofTefs the principle of heat, part with it 
more or lefs readily. If we attentively obferve a body 
during its cooling, a flight movement of undulation will 
he perceived in the furroundiflg air : an effect which may 
be compared to the phenomenon exhibited upon the mix- 
ture of two liquors of unequal denfity and weight. 

It is difficult to conceive this phenomenon without 
admitting of a peculiar fluid, which pafles firft from the 
body which heats to that which is heated, combines with 
the latter, produces the effects we have fpoken of, and 
afterwards efcapes to unite with other bodies, according 
to its affinities, and the law of equilibrium, to which all 
bodies tend. 

This fluid of heat, which we call Caloric, is contained 
in greater or lefs quantities in bodies, according to the 
greater or lefs degrees of affinity exiiling between it and 
them. 

Various means may be employed to difplace or difen- 
gage the caloric. The firft is by the method of affinities : 
for example, water poured upon the fulphuric acid expels 
the heat, and takes its place ; and while there is a difen- 
gagement of heat, the volume of the mixture does ncJt 
increafe in proportion to the bulk of the two fubllances 
mixed. This {hews that penetration takes place, which 
cannot be explained but by admitting that the integrant 
parts of the water take the place of the caloric, in pro- 
portion as it is difiipated.— - The fecond method of precipi- 
tating caloric, is by friction and comprefiion. . In this 
cafe it is expreffed or fqueezed out, in the fame manner 
as water from a fpunge. In reality, the whole of the 
heat which maybe produced by friction, is not afforded 
by the body itfelf; becaufe, in proportion as the interior 
heat is developed, the external air acts upon the body, 
calcines or inflames it, and itfelf gives out heat during its 
fixation. Fermentation, and in general every operation 
which changes the nature of bodies, may difengag'e 
caloric, becaufe the new compound may demand and 
receive a greater or lefs quantity. Hence it is that che- 
mical operations produce ftfmeumes cold, and £omeume§ 
heat. 
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Let us now examine the form under which caloric 
prefents itfelf. 

This fluid is difengaged either in a Hate of liberty, or 
• in a ftate of combination. 

In the firft cafe, the caloric always endeavours to 
obtain an equilibrium ; not that it is distributed equally' 
among all bodies, but it is difperfed among them accor- 
ding to the degrees of its affinity. Whence it follows, 
that the circumambient bodies receive and retain a quan- 
tity more or lefs confiderable. Metals are eafily pe- 
netrated by this fluid, and tranfmit it with equal 
facility ; wood and animal fubitances receive it to the 
degree of combuftion ; liquids, until they arc reduced to 
vapour. Ice aloue abforbs all the heat communicated to 
it, without giving it out to other bodies until it has, 
acquired the fluid ftate*. 

The degree of heat can be appreciated only by its 
effects : and the inftruments which have been fuccefhvely 
invented to calculate it, and are known by the names of 
thermometers, pyrometers, &c. have been applied to 
the ft rift determination of the feveral phenomena exhibit- 
ed in confequence of the abforption of caloric in various 
bodies. 

The dilatation of fluids, or of metals in the fluid, ftate,, 
by the feveral degrees of heat, has been long meafured by 
thermometers formed of glafs; but this very fufible fub- 
flancc can only be ufed to afcertain degrees of heat infe- 
rior ro that which readers the glafs itfelf fluid. 

Several means have been fucceflively propofed for calcu- 
lating the higher degrees of heat. Mr. Leidenfroft has 
proved that the hotter a metal is, the more llowly will 
drops of water evaporate from its furface; and he has 
propofed this principle for the con(lruc"tion of pyrometers. 
A drop of water in an iron fpoon, heated to rce 

of boiling water, evaporates in one feccr.d ; a fimilar 
drop, poured on melted lead, isdiilipatcd in fix or {t\a\\ 

* Thi tHvertently been guilty ofan over/ight. 

ab arb heat, diring liquefaction, 
iter. T. 

M 
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feconds ; and upon red-hot iron in thirty. Mr. Ziegler, 
in his Specimen de drgeftore Papini, has found that 89 
feconds were required to evaporate a drop of water at 
520 degrees of Fahrenheit ; and that one fecond is fuffi. 
cient at the 300th degree. This phenomenon, which is 
more interefting to chemiftry than pyrometry, to which it 
will always afford refults little fufceptible of rigorous cal- 
culation, appears to me to depend upon the adhefion and 
decompofition of the water upon the metal. 

The mod: accurate pyrometer we are acquainted with, 
is that which was prefented to the Royal Society of Lon- 
don by Mr. Wedgwood. It is conllrucled upon the prin- 
ciple, that the pureft clay fhrinks in the fire in propor- 
tion to the heat applied to it. This pyrometer confifts of 
two parts 5 one called the gauge, which ferves to meafure 
the degrees of diminution or flirinking; the other con- 
tains the fimple pieces of pure clay, which are called ther- 
mometer pieces. 

The gauge is formed of a plate of baked earth, upon 
which are applied two rulers or ftraight pieces of the fame 
fublfance. Thefe rulers, being perfectly ftraight and 
even, are placed at the diflance of half an inch from each 
other at one of their ends, and three-tenths of an inch at 
the other. For greater convenience, the gauge is divided 
into two parts, and the two pieces are placed endways 
when required to be ufed. The length of this rule h 
divided into 240 equal parts, of which each reprefents 
one-tenth of an inch*. To form the thermometer pieces, 
the earth is lifted with the greateft attention, after which 
it i.5 mixed with water, and the palle thruft through an 
iron tube, which gives it a cylindrical form, to be cut 
afterwards into pieces of a proper fize. When the pieces 
are dry, they mud be prefented to the gauge., where they 
ought to fit at the place of o on the fcale. If by inadver- 
tence of the workmen any piece penetrates to one or two 
degrees further, this degree is marked on its fiat furface, 
and requires to be deducted when the piece is ufed in the 

: This is, in fkcT, the twelve-hundredth cf an inch in the width 
according to the dimeniions here. given. T. 
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admeafurement of heat. The pieces thus adjufted arc 
baked in a furnace to a red heat, to give them the confif- 
tence neceffary for carriage. The heat employed in this 
part of the procefs is ufually about fix degrees, and the 
pieces are diminilhed more or lefs ; but this is of no con- 
fequence when they come to be fubmitted to a fuperior 
degree of heat ; and if it fliould happen that an inferior 
degree of heat is required to be meafured, unbaked pieces 
are to be ufed, which are preferved in {heaths or cafes to 
avoid friction. 

When this pyrometer is to be ufed, one of the pieces is 
expofed in the fire-place whole heat is required to be deter- 
mined ; and when it has acquired the whole intenfity, it 
is taken out, a"nd fuifered to cool, or for greater fpeed it 
is plunged in water ; after which it is prefented to the 
gauge, and its degree of contraction eaiily determined. 
Mr. Wedgwood has given us the refult of feveral experi- 
ments made with his pyrometer, oppolire to which he has 
placed the correfpondent degrees of Fahrenheit. 



Red heat vifible by the light 

Brafs melts at - 

Swedilh copper melts at - 

Pure Giver melts at - - 

Pare gold melts at - 

The heat of bars of iron raifed to ffmall bar 

welding "^ large bar 

The greateft heat producible in a frnith's forge 
Cafe iron melts at 
The greateft heat of a wind furnace of eight 

inches fquare 

Thefe various thermometers are not applicable to all 
cafes. We cannot, for example, calculate with ftricmefs 
the heat which efcapes from living bodies, or determine 
with precifion the temperature of any fubdance. Bui. 
MefTrs. De la Place and Lavoifier (Acad, des Sciences, 
1780J have invented an apparatus which appears to leave 
nothing further to be defired. It is conftru&ed upon the 
principle that ice abforbs all the heat communicated to it, 
without communicating it to other bodies until the whole 
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is melted; fo that from hence we may calculate the^ cfe-, 
grees of heat communicated, by the quantity of ice which 
is melted. It was neceffary, in order to afford ftri£| 
remits, to difcover the means of caufing the ice to abforh 
all the heat difengaged from the bodies under examination, 
and to cover it from the a&ion of every other fubftance 
which might facilitate its fufion; and, laftly, to colled 
with great care the water produced by the fufion. 

The apparatus conftrucled by thel'e two celebrated aca- 
demicians for this purpofe, confifts of three circular vef, 
fcls nearly infefibed in each other; fo that three capacities 
are produced. The interior fpace or capacity is formed 
by an iron grating, upon fupports of the fame metal. 
Here it is that the bodies fubjecied to experiment are 
placed. The upper part of this cavity is clofed by means of 
a cover. The middle fpace, next to this, is defigned to 
contain the ice which furrounds the interior compartment. 
This ice is fupportecl and retained by a grate, upon which 
a cloth is fpread. In proportion as the ice melts, the 
■water flows through the grate and the cloth, and is 
collected in a veffel placed beneath. Laftly, the external 
fpace or compartment of the apparatus contains ice in- 
tended to prevent the effect of the external heat of the 
atmofphere. 

To ufe this excellent machine, the middle or fecc&d 
fpace is filled with pounded ice, as is likewife the cover of 
the internal fphere; the fame thing is done *ard 

to the external fpace, as well as to the general covering or" 
the whole machine: the interior ice is fuffered to dr 
and, when it ceafes to afford wa covering of the 

internal fpace is raifed, to introduce the body upon which 
the experiment is intended to be made. Immedia 
after this introduction, the covering is put on, and <nt 
whole apparatus remains untouched until the included 
body has acquired the temperature of o, or the freezing 
temperature cf water; which is t rnon temper: 

of the internal capacity. The quantity cf v. 
by the melting of the ice is then 3; and this is an 

accurate rneafure cf the heat dii ". >ai the body, 

)n of the ice is theeffe&qf t] 
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Experiments of this kind lad fifteen, eighteen, or twenty 
hours. 

It is of great confequence, that in this machine there 
fhould be no communication between the middle, or 
fecond, and the external fpace. 

It is likewife neceffary that the air of the apartment 
fhould not be lower than o, becaufe the interior ice would 
then receive a degree of cold lower than that temperature. 

Specific heat is merely the proportional quantity of heat 
necelTary to raife bodies of equal mafs to the fame number 
of degrees of temperature ; fo that, when the fpecific 
heat of a folid body is required, its temperature mud be 
elevated a certain number of degrees, at which inftant it 
mufi: be placed in the internal fphere, and there left until 
its temperature is reduced to o. The water is then 
collected, and this quantity divided by the product of 
the mafs of the body; and the number of degrees of its 
original temperature above c, will be proportional, to its 
fpecific heat. 

With regard to fluids, they are inclofed in veffels 
whofe heat has been previoufly determined. The ope- 
ration is then the fame as for folids ; exceotino- that the 
quantity of water afforded mud be diminifhed by a deduc- 
tion of that quantity which has been melted by the heat of 
the veflel. 

If it be required to determine the heat which is difen- 
gaged during the combination of various fubftances, they 
mud be all reduced, as well as their containing veffels, to 
the temperature of o. The mixture mud then be placed 
in the internal fphere; and the quantity of water collected 
is the meafure of the difengaged heat. 

In order to determine the heat of combuflion and 
refpiration, as the renewal of air is indifpenfable in thefe 
two operations, it is neceffary to edablifh a communi- 
cation between the internal part of the fphere and the 
furroundmg atmofphere ; and in order that the introduc- 
tion of frefh air may not caufe any perceptible error, 
thcfe experiments ought to be made at a temperature 
little differing from o, or at leaf! the air which is intro* 
fluced mud previoufly be brought to this temperature. 
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To determine the fpecific heat of any gas, it is necef- 
fary to eftablifh a current through the internal part of 
the fphere, and to place two thermometers, one at the 
place of introduction, and the other at the place of 
efcape. By comparison of the temperatures exhibited 
by thefo two iriftruments, a judgment is formed of the 
heat abforbed, and the melted ice is meafured. 

An excellent memoir of Meffrs. De la Place and Lavoi- 
fier may be confulied for the refults of the experiments 
they have made. The prefent extract contains only a 
fhort account of their valuable labours. 

The various means made ufe of for the admeafurement 
of heat, are founded on the general principle, that diiferent 
bodies abforb heat in greater or lefs quantities. If this 
facl: were not generally admitted, it might be eftablimed 
on the three following facts. Dr. Franklin having expo- 
fed two.fmall pieces of cloth, of the fame texture but 
of different colours, upon the furface of mow, perceived, 
a few hours afterwards, that the red cloth was buried in 
the mow, while the other which was white had not 
fuffered any depreffion*. M. de Sauffure obferves, that 
the peafants of the mountains of Switzerland are careful 
to fpread a black earth over the furface of grounds 
covered with fnow, when they are defirous of melting it, 
to fow their feed. So likewife children burn a black 
hat in the focus of a fmall lens which would fcarcely heat 
a white one. 

Such nearly are the phenomena of heat when it is 
difengaged in a ftate of liberty. Let us now contemplate 
thofe which it prefents when it efcapes from a ftate of 
combination. 

Heat is fometimes difengaged in a (late of fimple 
mixture, as in the phenomena of vapours, fublimatic 
&c. If heat be applied to water, thefe two fluids will 
unite, and the mixture will be diflipated in the atmp- 
fphere ; but it would be an abufe of words to call fo 
weak an union by the name of combination : for, a ; 
focn as the heat becomes in a fituation to combine with 

* They were expofed to the rays of the fun. T. 
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other bodies, it abandons the water, which returns to a 
liquid Mate. This body, during evaporation, continually 
carries with it a portion of heat; and hence, perhaps, 
sefult the advantages of tranfpiration, perfpiration, &c. 

But heat very frequently contracts a true chemical 
union with the bodies which it volatilizes : this combi- 
nation is even fo perfect, that the heat is not perceptible, 
but is neutralized by the body with which it is combined. 
It is then called latent heat, calor latens. 

The feveral cafes in which heat enters into combination, 
and paries to the ftate of latent heat, may be reduced to 
die two following principles: 

The nrft principle. — Every body which paiTes from the 
folid to the liquid (late, abforbs a portion of heat, which 
is no longer fenfible to the thermometer, but exifts in a 
true (late of combination. 

The academicians of Florence filled a vefFel with poun- 
ded ice, and plunged a thermometer in it, which des- 
cended to o. The vefTel was then immerfed in boiling 
water, and the thermometer did not rife during the whole 
time of the liquefaction of the ice. The fufion of ice 
therefore abforbs heat. 

Mr. Wilcke poured a pound of water, heated to the 
60th degree of Reaumur, upon a pound of ice. The 
melted mixture poiTefTed the temperature of o. Sixty 
degrees of heat had therefore entered into combination. 

The Chevalier Laudriani has (hewn that the fufion of 
metals, offulphur, ofphofporus, of alum, of nitre, &c. 
abibrb heat. 

Cold is produced in the dillblution of all the (cryitalii- 
zed) falts. 

Reaumur made a feries of very interesting experiments 
on this fubject, which confirm thofe of Boyle. Fahrenheit 
earned the thermometer to defcend to forty degrees, by 
melting ice by ftrong nitrous acid. But the moft aftonifh- 
ing experiments are thofe made by Mefirs. Thomas Bed- 
does*, phyiician, and Walker, apothecary at Oxford, 

* It does not appear that Dr. Beddoes either had or pretends t« 
f -" s a ■ . ■ ■ in the experirn ' /fr. Walker, thari that 

.era to the Royal Society. T. 
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and infefted in the Philofophical Tranfa&ions for the year 
1787!. The mixtures which' produced _ the greateft 
degrees of cold are, 1. Eleven parts of muriate of ammo* 
niac, or common fal ammoniac; ten parts of nitrate of pot- 
am, or common nitre; fixteen parts of fulphate of foda, 
or Glauber's fait; with thirty-two parts by weight of 
water: the two firft falts mould be dry, and in powder. 
2. The nitric acid, muriate of ammoniac, and fulphate 
of foda, lowered the thermometer to eight degrees under 
o. Mr. Walker has frozen mercury without ufing either 
ice or fnow. 

It is therefore an incontrovertible principle, that all 
bodies which pafs from the folid to the liquid ftate, abforb 
heat, and retain it in fo accurate a combination as to 
afford no fign of its prefence. The heat is therefore fixed, 
neutralized, or latent. 

The fecond principle. — All bodies, by pairing from the 
folid or fluid ftate to the aeriform Hate, abforb heat, 
which becomes latent ; and it is by virtue of this heat 
that fuch bodies are placed and maintained in that ftate. 
On this principle is founded the procefs ufed in China, 
India, Perfia, and Egypt, to cool liquors ufed for drink. 
The water intended for this purpofe is put into very 
porous veilels, and expofed to the fun, or to a current of 
warm air, to cool the fluid contained within them. 

It is by fimilar means that cool drink is obtained in the 
long journeys of the caravans. Interefting details on this 
fubject may be feen in the Travels of Chardin, vol. iii. 
1723; Tavernier's Voyages, vol. i. edit. 1738; Paul 
Lucas's Voyages, vol. ii. edit. 1724; and alfo in the Mun- 
dus Subterraneus of P. Kircher, lib. vi. fee. 2. cap. 2. 

We may conclude from the experiments of Mr. Rich- 
mann, made in 1747, and inferted in the firft volume of 
the imperial Academy of Peter (burg, 1. That a thermo- 
meter taken out of water, and cxpded to the air, always 
defeends, even when its temperature is equal or fuperior 
to that of the water. 2. That it afterwards rifes, until 
that it has acquired the temperature of the atmofphere. 

f Aifo in the fubfequent volumes'. 
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3. That die time of descending is lefs than that which it 
employs to rife again. 4. That when the thermometer, 
withdrawn from the water, has arifen to the common 
temperature, its bulb is dry; but that it continues wet 
during the v. . .e of its Standing beneath this common, 

;c 

To thefe confluences we will add others deduced from 
fcveral curious experiments by the celebrated Cullen. i„ 
A thermometer i 1 m the receiver of the air pump, 

o.fcends two or three degrees during the time of exhaus- 
tion, and afterwards rifes to the temperature of the vacuum* 
2. A thermometer plunged in alcohol, in the receiver 
of the air puipp, always defcends, and the lower in pro- 
portion as the bubbles are flronger which iflae from the 
alcohol ; if it be withdrawn from this liquor, and fufpended 
wet beneath the receiver, it fails eight or ten degrees while 
the air is pumping out. 

It is well known that if the ball of a thermometer be 
wrapped in fine linen, and kept moid by Sprinkling with 
ether, and the evaporation be facilitated by agitation in 
the air. the thermometer will defcend to o. 

The immortal Franklin has proved, in his Own perfon, 
that when the body peripires Strongly-, it is lefs heated 
than furrounding bodies, and that perfpiration always 
produces a c e of coldneis.— -See his Letter to 

Dr. 

The creat number of labourers in the burning heats of 
our climate Support themfelves only by virtue of a copi- 
ous perfpiration, the thud for which they replenish by 
drinking plentifully. The workmen employed in glals- 
rounderies, &c. often live in a medium hotter than 
their bodies, the natural temperature of which is equalized 
and moderated by perfpiration. 

If evaporation be incteafed by agitation of the air, the 
iteration is the greater. Hence the ufe ot fans, venti- 
&c. which, though intended to give motion to 
m air, afford likewife the virtue of cooling by facili- 
tating and rai evaporation. 

irm and dry air is bed fuited to form a refreshing 
current, becaufe it is more calculated to dilfoive and 

N 
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abforb humidity; moiil air is lefs proper, becaufe it is 
already fatufated.— Hence the neceffity of frequently 
renewing the air to prelerve the coolnefs of our apart- 
itients. 

Thefe principles have a nearer relation to medicine 
than is generally fuppofed. We find that almoft all 
fevers end in per'fpirations, which, befide the advantage 
cf expelling the morbific matter, poffefs likewife that of 
carrying off the matter of heat, and reftoring the body 
to its common temperature. The phyfician who is de- 
firous of moderating the excefs of heat in the body of a 
patient, ought to maintain the air in that difpofition 
which is moll fuitable to his views. 

The ufe of volatile alkali is imiverfally acknowledged 
to be of advantage in burns, the tooth-ach, &c. May 
not thefe effects be attributed to the volatility of this 
fubilance, which quickly combining with heat, carries 
it off, and leaves an impreilion of cold ? — Ether is a 
fovereign remedy for the colic. Does not its virtue 
depend on the fame principles ? 

The heat which has entered into combination with 
bodies during their tranfition from the folid to the liquid 
flate, or from this laft to the aeriform itate, may be 
again exhibited by caiifing thefe fubftances to return 
again to the Hates of liquefaction or folidity. In a word, 
every fubftance which paffes from the liquid to the folid 
ftate, fuffers its latent heat to ekape, which at this 
inftant becomes free or thermometrical heat. 

The celebrated Fahrenheit, in the year 1724, having 
left water expofed to a colder temperature than that of 
ice, the water remained fluid : but it concealed by a?ita- 
tion ; and the thermometer, which marked feveral degrees 
beneath the freezing point, fuddenly rofe to that tempe- 
rature. Mr. Trciwald mentions a fimilar fact in the 
Tranfaclions ; and Mr. de Ratte made the fame obferva- 
tiovj at Montpeliier. 

Mr. Baume has fhewn in his enquiries and experiments 
relating to feveral fmgular phenomena exhibited by water 
at the infrant of its congelation, that feveral degrees of 
heat are always developed at that irritant, 
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Gafeous fubflances are maintained in the aeriform (late 
merely by the heat which is combined with them ; and 
when to thefe fubftances, thus diflblved in caloric, another 
body is prefented, to which they have a very ftrong 
affinity, they abandon their heat to unite with this laft 
fubftance; and the caloric, thus expelled or difengaged, 
appears under the form of free or thermometrical heat. 
This difengagement of heat, by the concretion or fixation 
of gafeous fubflances, was obferved by the celebrated 
Scheele, as may be feen in the valuable experiments which 
form the bafis of his Treatife on Air and Fire. Since 
the time of this great man, rigorous calculations have 
been made of the quantity of latent heat exifting in each 
of thefe gafes : we are indebted to Mefirs. Black, Craw- 
ford, Wilcke, De la Place, Lavoifier, &c. for many 
excellent refearches on this fubjecl. 



ARTICLE II. 

Concerning Light. 

It appears that Light is tranfmitted to our eyes by a 
peculiar fluid which occupies the interval between us and 
vifible bodies. 

Does this fluid arrive directly from the Sun by fuccefiive 
emiiiions or eradiations? or is it a peculiar fluid diflfi- 
buted through fpace, and put in a&ion by the Sun's rotary 
motion, or by any other caufe? I (hall not enter into any 
difcuffion upon this fubjeft, but fnall confine myfelf to 
point out the phenomena. 

A. The motion of light is fo rapid, that it pafTes through, 
nearly eighty rhoufand leagues in a fecond. 

B. The elafticity of the rays of light is fuch that the 
angle of reflection is equal to the angle of incidence. 

C. The fluid of light is ponderous: for if a ray of light 
be received through a hole in a window-fliutter, and the 
blade of a knife be prefented to it, the ray is diverted 
from a light line, and is inflected towards the body. This 
circumftance fhews that it obeys the law of attraction, and 
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Efficiently authorifes us to clafs it among other bodies of 
this nature. 

D. The great Newton fucceeded in decompofing the 
folar light into feven primitive rays, which prefent them- 
felves in the following order: red, orange, yellow, green, 
blue, indigo, violet. Dyes prefent us with only three 
colours, which are red, blue, and yellow; the combina- 
tions and proportions of thefe three principles form all the 
fhades of colour with which the arts arc enriched. Philo- 
sophers have maintained that among the folar rays there 
sre three primitive colours. — See Les Recherches de M. 
Marat. 

All natural bodies may be confidered as prifms which 
clecompofe or rather divide the light. Some reflect the 
rays without producing any change and thefe are white; 
ethers abforb them all, and caufe abfolute blacknefs: the 
greater or lefs affinity of the feveral rays with various 
bodies, and perhaps likewife the difpofition of the pores, 
5s no doubt the caufe that, when a pencil foils upon a 
body, fome rays enter into combination, 'while others are 
reflected; and it is this which affords the diverfity of 
colours, and the prodigious variety of fhades under which 
bodies appear to our eyes. 

We can no longer confine ourfelves to confider light as 
2. merely phyfical fubftance; the chemift perceives its 
influence in mod of his operations, and finds it neceilary 
io attend to its action, which modifies his refuhs: and Hs 
effects are no lefs evident in the various phenomena of 
nature, than in the experiments performed in our labo- 
ratories. 

We fee that vegetation cannot take place without light. 
Plants deprived of this fluid become pale; and when in 
hot-houfes the light conies to them from one part only, 
the vegetables incline towards the aperture, as if to fliew 
thenecefilty of this beneficial fluid. 

Without the influence of light, vegetables would exhi- 
bit but one life'lefs colour; they are d of their 
beautiful fhades by the interception of this luminous fluid. 
On thefe principles, celery, endive, and other plants, 
bleached- 
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Vegetables are not only indebted to the light for their 
colour, but likewife for their fmelj, taite, combuftibility, 
maturity, and the refinous principle, which equally depend 
upon this fluid. Hence it is, no doubt, that aromatic 
lubflances, refins, and volatile oils, are the inheritance of 
fouthern climates, wKere the light is more pure, conftant, 
and intenfe. 

We fee, likewife, that the influence of light is evident 
in other beings : for, as Mr. Dorthes has obferved, worms 
and grubs, which live in the earth or in wood, are of a 
whitiih colour. The birds and flying infects of the night, 
are likewife diftinguifhable from thofe of the day by the 
want of brilliancy of colour ; and the difference is equally 
marked between thofe of the north and of the fouth. 

A very aftonifliing property of light upon the vegeta- 
ble kingdom is, that when vegetables are expo fed to open 
clay-light, or to the fun's rays, they emit vital air. We 
iliall again attend to all thefe phenomena when we come 
to treat of the analyfis of vegetables. 

The fine experiments of Scheele and Berthollet have 
fhewn that the abfence or prefence of light has an afto- 
nifliing effecT: upon the remit of chemical experiments. 
Light difengages vital air from feveral fluids, fuch as the 
nitric acid, the oxigenated marine acid, &c. It reduces 
the oxides or calces of gold, filver, &c. It changes the 
nature of oxigenated muriates, according to the observa- 
tions of Mr. Berthollet. Light likewife determines the 
phenomena of vegetation exhibited by falrac folutions, as 
I have (hewn. From all which circumftances it is evident 
that we ought to attend to- the effect of this agent in alrnoff. 
all cur operations. 

" Organization, ferifation, fpontaneous motion, and 
life, exift only at the furface of the earth, and in places 
expo'fed to light : we might affirm that the flame of Pro- 
metheus's torch was the expreflion of a philofophical 
truth which did not efcape the ancients. Without light, 
nature was lifefefs, inanimate, and dead : a benevolent 
God, by producing light, has fpread organization, fenfa- 
tion, and thought over the furface of the earth." — Ele- 
mentary Treatife of Chemiftry by Mr. Lavoifier. 
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We ought not to confound the folar light with the light 
of our furnaces ; the light of thefe has, as I am convinced, 
very evident effects in certain phenomena; but thefe 
effe&s are flow, and fcarcely comparable with thofe of the 

folar light. . 

Although heat often accompanies light, the phenomena 
we have mentioned cannot be attributed to mere heat. 
Heat may indeed modify them where it exifts, but mod 
affuredly it cannot produce them. 



CHAPTER II. 

Concerning Sulphur. 

VVE are obliged to place Sulphur among the 
elements, though our predecefTors pretended to have 
determined its conftituent principles. This proceeding 
would appear to be retrograde, if it were not evident that 
the correction of miftakes is a real advancement in fci- 
ence. 

The ancients ufed the word Sulphur to denote every 
combuflible and inflammable fubftance. Accordingly we 
find, in all their writings, the expreffions fulphur of 
metals, fulphur of animals, fulphur of vegetables, &c. 

Stahl afiigneth a determinate value to the denomination 
of Sulphur f and fince the time of this celebrated cheraifl 
we have confined the name to denote a body of an 
orange-yellow colour, dry, brittle, capable of burning 
with a blue flame, and exhaling a penetrating odour 
during combuflion : when rubbed, it becomes electric; 
and by a light preffure in the hand it cracks, and be- 
comes reduced to powder. 

It appears that fulphur is formed by the decompofition 
of vegetables and animals. It has been found on the 
walls of necefTary-houfes ; and when the ditch of the 
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Porte St. Antoinc, at Paris, was cleared, a confidera- 
ble quantity was mixed with the decayed remains of 
vegetable and animal Jubilances, that had filled the 
ancient ditches, and there putrefied. 

Mr. Deyeux has likewife proved, that fulphur exifts 
naturally in certain plants, fuch as patientia, cochlearia, 
&c. His proceffes for extracting it confift in — 1. The 
wafted root muft be reduced by rafping into a fine 
pulp j this mud be wafted ia cold water, and palled 
through a fieve or cloth of an open texture : the fluid 
paffes in a turbid (late, and depofits a precipitate, which 
when dried proves the exigence of fulphur. 2. The 
pulp may be boiled, and the fcum afforded by the 
ebullition afterwards dried : this fcum contains fuL 
phur. Several fpecies of rumex, confounded under the 
name of Patience, do not contain fulphur. I have 
obtained it from the rumex patientia L, which grows on 
the mountains Cevennes, and is the fame which is ufed 
at Paris. M. Le Veillard obtained fulphur by fuffering 
vegetable fubflances to putrefy in well-water. Sulphur 
is abundantly contained in coal mines ; it is found in 
combination with certain metals ; it appears almoft 
always where vegetable decompofition takes place ; it 
forms the greater part of thofe pyritous and bituminous 
fchifti which occupy the focus of volcanos ; it is fublimed 
in thofe places where the pyrites are decompofed ; it is 
thrown out by fubterraneous fires ; and is found in 
greater or lefs quantifies in volcanic didricrs. Much has 
been faid concerning Ihowers of fulphur ; but it is at 
prefent well known that this error has chiefly arifen from 
the powder of the (lamina of the pine, which is carried 
to great diifances. Henckel faw the furface of a marih 
entirely covered with this powder. 

The known proceffes for extracting fulphur in the large 
way, and applying it to the purpofes of commerce, con- 
fid in difengaging it from the pyrites or fulphures of 
copper, or of iron, by methods poffefling various degrees 
of fimplicity and economy. On this fubjeel, the Pyrito- 
logy of Henckel, Macquer's Chemical Dictionary, and 
the Metallurgical Tra&s of Mr. Jars, may be confulted. 
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In Saxony and Bohemia the ores of fulphur are dirtily 
in earthen tubes difpofed in a ga'lcry. The fulphur 
which is difengaged by the heat partes into receivers 
placed without, and in which care is taken to keep a 
fufheient quantity of water. 

At Ramraelfburg, at St. Bel, &c. large heaps of pyrites 
are made, which are decompofed by a gentle heat, atfirft 
applied to the mafs from a ftratum of combuftible matter 
upon which it is placed. The heat is afterwards kept up 
by the action of the pyrites amongfi each other. The 
fulphur which exhales cannot efcape laterally, becaufc 
care is taken to cover the fides with earth. It there- 
fore rifes to the frjramit of the truncated pyramid, where it 
is coliecled in fmall cavities made for that purpofe. The 
heat of this part is fufEcient to keep the fulphur in a fluid 
Hate; and it is taken out from time to time with ladles. 

Almoil all the fulphur ufed in France comes from the 
Solfatara. This volcanic country every where exhibits 
marks of the agency of fubterraneous fire* The enor» 
mous maffes of pyrites which are decompofed in the 
bowels of the earth produce heat, which fublimes part of 
the fulphur through apertures which the fire, and the 
effort of the vapours, have opened in all parts. The 
earths and flones which contain fulphur are diftilled ; and 
it is the refult of this diftillation which is called Crude 
Sulphur. 

The crude fulphur is transported into France by the 
way of Marfeiiles, where it receives the necefiary prepa- 
rations to render it fuitable to various purpofes. i. It is 
reduced into flicks or rolls, by fufing it, and pouring it 
into moulds : or, 2. It is formed into flowers of brimflone 
by fubliming it with a gentle heat, and collecting this lui- 
phureous vapour in a very clofe chamber of eonfiderable 
extent. This very pure and finely divided fulphur is 
diftinguiihed by the name of Flowers of Brimflone, or 
Sublimed Sulphur. 

Sulphur enters into firHon by a moderate heat ; and if the 
moment be feized in which the furface congeals, aiiu the 
liquid fulphur contained beneath that furface be then poured 
out, the internal cavity will exhibit long needle-formed 
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Ctyitals of an octahedral figure. This procefs, contrived 
by the famous Rouelle, has been applied to the cryftalliza- 
tion of almoft all the metals. Sulphur is found naturally 
cryftaliized in Italy, at Conilla near Cadiz, &c. Its ufual 
form is octahedral; but I have, neverthelef^ feen cryilals 
of fulphur in perfect rhomboids. 

Stahl thought that he had proved, by analyfis and 
fynthefis, that fulphuris formed by the combination of his 
phlogifton with the fulphuric acid. The happy feries of 
proofs which he has left behind him for the eikblimment 
of his opinion, has appeared fo complete, that, fmce the 
time of this great man, his doctrine has confcantly been 
admitted as founded on abfolute proof. This example 
was even urged as an inftance to fhew how high a degree 
of evidence the chemical analyfis was capable of affording. 
But our difcoveries refpecling gafeous fubftances have 

wq us, that the ancients were neceflarily led into error 
for want of that knowledge. The immenfe refearches of 
the moderns into the compofition of acids, have (hewn that 
thefe fubftances are decompofed in a variety of operations; 
and this revolution in the (late of our knowledge mult 
have produced a fimilar change in our methods of ex- 
plaining the phenomena. An examination of the princi- 
pal experiments of Stahl, upon which his doctrine effen- 
pends, will fufficiently mew the truth of what we 
have affei 

If one third part of charcoal, and two thirds of fulphate 
of pot-afh, or vitriolated tartar, be mixed and fufed in a 
crucible, the product is (liver of fulphur) fulphure of 
pot-alTi. If this fulphure be dilTolved in water, and the 
alkali be engaged by adding a few drops of fulphuric acid 
a precipitate is afforded, v. hich confab of true fulphur: 
" whence," fays Stahl, " the fulphur is a combination of 

>giflon, or 1" unable principle of the charcoal 

the fulphuric acid." The experiment was true, but 

the confequence is abfurd; b'ecaitfe it would follow that 

ike :. hich was added, mufl have poffeiled 

perty of difplacing fulphuric acid united to the 

Wi liout prei :nding, on the prefent occafion, to difpute either 
for or ag argument is among 
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If Stahl had more ftrialy analyfed the refult or product 
of this operation, he would have been convinced that it 
does not contain a particle of fulphuric acid. 

If he had been pofTeiled of the power of operating in 
clofed vefTels, and of collecting thegafeous fubftances which 
are difengaged, he would have obtained a large quantity 
of carbonic acid, which arifes from the combination of 
the oxigene of the fulphuric acid with the charcoal. 

If he had expofed his liver of fulphur to the air in clofed 
vefTels, he would have feen that the vital air is abforbed, 
that the fulphure is decompofed, and that the fulphate of 
pot-am, or vitriolated tartar is formed; which proves the 
recompofition of the fulphuric acid. 

If charcoal be moiftened' with fulphuric acid or oil of 
vitriol, and then expofed to diflillation, the products are 
carbonic acid or fixed air, fulphur, and much fulphureous 
or volatile vitriolic acid. 

The experiments of Stahl exhibit the moft perfect 
demonflration of the decompofition of the fulphuric acid 
into fulphur and oxigene ; and it is not necefiary, in the 
explanation of them, either to fuppofe the exigence of an 
imaginary being, or to fuppofe that fulphur is a com- 
pounded body. 



CHAPTER III. 

Concerning Car bo tie, 

Jl URE charcoal is called Carbone in the new 
Nomenclature. This fubftance is placed among fimple 
bodies, becaufe no experiment has hitherto (hewn the pof- 
fibility of decompofing it. 

the many paralogifms urged on both fides in this controverfy. If there 
be any difficulty in conceiving how dephlogidi I V ir, 

vitriolic acid, may difplacc phlogifticatcd viti or fulphur, 

the fame will apply to the oppofite theory, which 
fulphur, or vitriohc acid, displaces i '. lie acid, o 

fulphur. T. 
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Carbone ex'ifts ready formed in vegetables. It may 
"be cleared of all the volatile and oily principles by diililla- 
tion; and, by fubfequent warning in pure water", it may 
be deprived of all the falts which are mixed and confound- 
ed with it. 

When it is required to procure carbone in a ftate of 
great purity it mult be dried by ftrong ignition in a clofed 
vefTel: this precaution is neceifary: for the laft portions 
of water adhere with fuch avidity, that they are decom- 
pofed, and afford hydrogenous gas and carbonic acid. 

Carbone exifts likewife in the animal kingdom: it may 
be extracted by a procefs fimilar to that which we have 
defcribed; but its quantity is fmall. It appears in the 
form of a light fpungy mafs, difficultly confumed in the air, 
and mixed with a great quantity of phofphates, and even 
of foda. 

Carbone is likewife found-in plumbago, of which it is 
one of the principles. 

We (hall treat more fully of this fubftance in the analyfis 
of vegetables. But thefe concife ideas are fufficient to 
enable us to proceed in our account of its combinations, 
which is indeed the only object of the prefent ihort enume- 
ration of its properties. 



SECTION V. 

Concerning Gafes, or the Solution of certain Principles in Caloric, at 
the Temperature of the Atrnofphere. 



ALORIC, in its combination with bodies, 
volatilizes fome of them, and reduces them to the aeriform 
Hate. The permanence in this (late in the temperature 
of the atrnofphere conftitutes the g^.k>; (o that, to reduce 
a fubftance to the ftate of gas, cogfifts in diffolving it in 
caloric. 
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Caloric combines with various bodies, with greater or 
lefs facility; and we are acquainted with feveral that, at 
the temperature of the atmofphere, are conftantly in the 
flate of gas: there are others which pafs to this fhte at 
fome degrees higher, and thefe are called Volatile or Eva- 
porable fubftances. They differ from fixed fubitances, 
becaufe thefe laft are not volatilized but by the applica- 
tion and combination of a ftrong dole of caloric. 

It appears that all bodies do not indifcriminately require 
the fame quantity of caloric to afiume the gafeous flate; 
and we (hall fee that this proportion may be deduced from 
the fixation and concretion of thefe gafeous fubftances. 

To reduce any fubftance to the flate of gas, the appli- 
cation of caloric maybe made in various manners. 

The more fimple method confifts in placing the body 
in contact with another body which is heated. In this 
iituation, the heat on one hand diminifhes the affinity of 
aggregation or compofition, by feparating the conftitucnt 
principles to a greater diflance from each other; on the 
other hand, the heat unites to the principles with which it 
has the flrongefl affinity, and volatilizes them. This pro- 
cefs is according to the method of fimple affinities; for it 
in fact confifts of the exhibition of a third body, which, 
prefented to a compound of feveral principles, combines 
with one of them, and carries it off. 

The method of double affinity may likewife be ufed to 
convert any fubftance into the gafeous form ; and this is 
what happens when we caufe one body to act upon another 
to produce a combination, in which a difengagement of 
gafeous principles take place. If I pour, for exam- 
ple, the fulphuric acid upon the oxide of manganefe, the 
acid combines with the metal, while its caloric feizes the 
oxigenc, and rifes with it. This principle takes place not 
only in this inflance, but on all other occafions wherein, 
an operation being performed without the ; tion of 

heat, there is a production of vapour or g 

^The various ftates under which bodies prefent them« 
to our eyes, depend almoft entirely upon the dif- 
ferent degrees of combination of caloric with thofe 
bodies. Fluids do re: differ from folids, but becaufe 
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they conftantly poffefs, at the temperature of the atmo f 
fphere, the dofe of caloric which is requifite to maintain 
them in that ftate ; they congeal and pais to the concrete 
ftate with greater or lefs facility, accordingly as the 
requifite quantity of caloric is more or lefs confiderable. 

All folid bodies are capable of pafting to the gafeous 
ftate ; and the only difference which exiits between them 
in this refpect is, that a dofe of caloric is required for 
this purpofe, which is governed — i. By the affinity of 
aggregation, which conne&s their principles, retains them, 
and oppofes itfelf to a new combination. 2. By the 
weight of the condiment parts, which renders their 
volatilization more or lefs difficult. 3. By the agreement 
and attraction between the caloric and the folid body, 
which is more or lefs ftrong. 

All bodies, whether folid or liquid, when they come 
to be volatilized by heat, appear in two dates— that of 
vapour, or that of gas. 

In the firft cafe, thefe fubftances lofe, in a ihort time, 
the caloric which raifed them, and again appear in their 
original form the moment the caloric finds colder bodies 
to combine with ; but it is rare that bodies thus divided 
refume their original confidence. This firfl ftate is that 
of vapour. 

In the fecond cafe, the combination of caloric with 
the volatilized fubftance is fuch, that the ordinary tem- 
perature of the atmofphere is infufficient to overcome this 
union. This ftate conftitutes the gales. 

When the combination of caloric with any fubftance is 
fuch that a gas is produced, thefe invifible fubftances may 
be managed at pleafure, by the afliftance of apparatus 
appropriated within our time to thefe ufes. Thefe appa- 
ratus are known by the name of Pneumato-chemic, 
Hydro-pneumatic apparatus, &c. 

The pneumato-chemical apparatus, in general, confifts 
of a wooden vellel, ufually of a fquare form, and lined 
with lead or tin : two or three inches beneath the upper 
edge there is formed a groove, in which a wooden plank. 
Hides, having a hole in the middle, and a notch in one 
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of its fides ; the hole is made in the centre of an excava- 
tion made in the fhelf, of the figure of a funnel. 

This vefTel is filled with water or mercury, according 
to the nature of the gafes operated upon. There are 
fome which eafily combine with water, and therefore 
require to be received over mercury. 

The gafes may be extracted in various manners. 

When they are diiengaged by fire, a recurved tube 
is adapted to the neck of the retort, one extremity of 
which is plunged in the water or the mercury of the 
pneumato-chemical vefTel, and opens beneath the aper- 
ture in the fhelf, which is in the form of a funnel. 
The junction of the tube with the neck of the retort is 
fecured with the ufual lute ; a vefTel filled with the 
liquid of the cittern is inverted upon the fhelf over the 
aperture. When the gas is difengaged from the mate- 
rials in the retort, it appears in the form of bubbles, 
which rife, and gain the fuperior part of the inverted 
vefTel. When all the water is difplaced, and the bottle 
is full of gas, it is withdrawn, by adapting a glafs plate 
to its orifice to prevent its diflipation : it may then be 
poured from one vefTel to another, and fubjecled to a 
variety of experiments to afcertain its nature. 

When the gafes are difengaged by means of acids, 
the mixture which is defigned to afford them is put into 
a bottle with a recurved tube fitted to its neck ; and 
this tube is plunged in the ciftern in fuch a manner, that 
the bubbles of gas may pafs, as in the former experi- 
ment, through the aperture of the funnel in the fhelf. 

The proceffes at prefent ufed to extract the gafes, and 
to analyfe them, are fimple and commodious : and thefe 
proceffes have fingularly contributed to our acquifition of 
the knowledge of thefe aeriform fubftances, . whofc difco- 
very has produced a revolution in ctiemiftry. 
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CHAPTER I. 
Concerning Hydrogenous Gas, cr Inflammable Air. 



Inflammable Air h one of the conftituent 

parts of water j a circumflance which has entitled it to 
the denomination of Hydrogenous Gas. Its property of 
burning with vital air, has caufed it to be diftinguifhed 
by the name of Inflammable Air. 

Hydrogenous gas has been procured long mice. The 
famous pnilofophical candle attefts the antiquity of this 
difcovery ; and the celebrated Hales obtained from moft 
vegetables an air which took fire. 

Hydrogenous gas may be extracted from all bodies in 
which it is a conftituent part; but the pureft is that afforded 
by the decomposition of water, and it is this fluid which 
ufually affords it in our laboratories. For this purpofe 
the fuiphnric acid is poured upon iron, or zinc ; the water, 
which ferves as a vehicle for the acid, is decompofed on 
the metal ; its oxigene combines with it, while the hydro- 
genous gas efcapes. This explanation, however contrary 
to the ancient notion, is not the lefs a demonftrated truth; 
in fact, the metal exilrsin the (late of an oxide in its folution 
by the fulphuric acid, as may be proved by precipitating 
it with pure vegetable alkali : on the other hand, the acid 
itfelf is not at all decompofed ; fo that the oxigenous gas 
cannot have been afforded to the iron but by the water. 
Water may be decompofed likewife dill more directly by 
throwing it upon iron ftfongly heated ; and hydrogenous 
may be obtained by caufmg water to pais through a 
tube of iron ' 

The hydrogenous gas may be extra&ed by the fimple 
diffillation of vegetable:. rmentation, and 

■: % us fub- 
ce. 

jperties of this gai . [low : 
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A. Hydrogenous gas has a difagreeable, {linking odour. 
Mr. Kirwan has obferved, that when it is extracted over 
mercury, it has fcarcely any fmell. It contains half its 
weight of water, and lofes its fmell the moment it is 
deprived of this additional fubftance. 

Kirwan has likewife obferved, that the volume of 
hydrogenous gas is one-eighth larger when received over 
water than when received over mercury. 

Thefe obfervations appear to prove, that the offenfive 
fmell of this gas arifes only from the water it holds in 
folution. 

B. Hydrogenous gas is not proper for refpiration. The 
abbe Fontana allures us that he could not take more than 
three inspirations of this air: the count Morrozo has pro- 
ved that animals periili in it in a quarter of a minute. On 
the other hand, feveral northern chemifls have affirmed, 
in confequence of experiments made on themfelves, that 
hydrogenous gas might be refpired without danger; and it 
is fome years fince the unfortunate Pilatre du Rozier fil- 
led his lungs with it at Paris, and fet it on fire during the 
expiration, which forms a very curious jet of flame. It 
was remarked to him, that the abbe Fontana had objected 
againft the accuracy of the Swedifh chemifts. This intre- 
pid philofopher anfwered the objection, by mixing one- 
ninth of atmofpherical air with very pure hydrogenous 
gas. He refpired this mixture, as ufual ; but when he 
attempted to fet it on fire, the confequence was an explo- 
fion fo dreadful, that he imagined all his teeth were blown 
out. 

This oppofition of opinions, and contradiction of expe« 
riments, reflecting a phenomenon which feems capable of 
unanfwerable decifion by one fingle experiment, induced 
me to have recourfe to trial, to fix my own ideas on the 
Subject. 

Birds, fucceflively placed in a vefTel of hydrogenous gaS, 
died, without producing the fmallefl perceptible change m 
the gas itfelf. 

Frogs placed in forty inches of hydrogenous gas died in 
the fpace of three hours and a half: while others lived fifty- 
five hours in oxigenous gas and atmofphejic air 5 and 
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when I took them out fcill living, the air was neither 
vitiated nor diminifhed. Numerous experiments which 
I have made upon thefe animals, have led me to obferve 
that they have the faculty of {topping their refpiration, 
when placed in any noxious gas, to fuch a degree, that 
they infpire only once or twice, and afterwards fufpend 
every function on the part of the refpiratory organ. 

I have fince had occafion to obferve that thefe animals 
are not reduced into a putrid mafs by remaining in hydro- 
genous gas, as was affirmed fome time ago. The fact which 
may have impofed on chemifts who related this circum- 
itance, is, that frogs are often enveloped in a mucus or 
fanies, which appears to cover them ; but they exhibit 
the fame phenomenon in all the gafes. 

After having tried the hydrogenous gas upon animals, 
I determined to reipire it myfelf ; and I found that the 
fame volume of this air might be feveral times refpired with- 
out danger. But I obierved that this gas was not changed 
by thefe operations; whence I concluded that it is not 
refpirable : for, if it were, it would fuffer a change in the 
lungs, the object of refpiration not being confined to the 
reception and emiffion of a fluid merely ; it is a function 
much more noble, more interefting, more intimately con- 
nected with the animal ceconomy : and we ought to con- 
fider the lungs as an organ which is nourifhed by the air, 
digefts that which is presented to it, retains the beneficial, 
and rejects the noxious part. Since, therefore, inflamma- 
ble air can be refpired feveral fucceflive times without 
danger to the individual, and without any alteration or 
change in itfeif, we may conclude indeed that imflamma- 
ble air is not a poifon, but that it cannot be confidered as 
an air effentiaily proper to refpiration. It is with hydro- 
genous gas in the lungs, as with thofe balls of mofs and 
refm which certain animals f wallow during the rigorous 
feafon of the winter. Thefe bails are not digefted, fince 
the animals void them at the return of fpring : but they 
delude hunger ; and the membranes of the {lomach are 
exercifed upon them without danger, in the fame manner 
as the lungs exert themielves upon the hydrogenous gas 
presented to them. 

P 
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C. Hydrogenous gas is not combuftible alone ; it does 
not burn but by the concurrence of oxigene. If a veffel 
filled with this gas be reverfed, and a lighted taper be pre- 
fented to it, the hydrogenous gas is found to burn at the 
furface of the veffel ; but the candle is extinguished the 
moment it is plunged lower. The mod inflammable bodies, 
fuch as phofphorus, do not burn in an atmofphere of 
hydrogenous gas. 

D. Hydrogenous gas is lighter than common air. One 
cubic foot of atmofpheric air weighs feven hundred and 
twenty grains ; a cubic foot of hydrogenous gas weighs 
feventy-two grains. The barometer being at 29' 9, and 
the thermometer 6o° Fahrenheit, Mr. Kirwan found the 
weight of this air to that of common air as eighty-four 
to one thoufand ; confequently it was about twelve times 
as light. 

Its fpeciflc gravity varies very much, becaufe it is diffi- 
cult to obtain it conflantly of the fame degree of purity. 
That which is extracted from vegetables contains the 
carbonic acid and oil, which increafes its weight. 

This levity of hydrogenous gas has caufed certain philo- 
fophers to prefume that it ought to arrive at and occupy the 
fuperior part of our atmofphere ; and upon this fuppofi- 
tion the moil brilliant conjectures have been made respect- 
ing the influence which a ftratum of this gas, predominat- 
ing over the reft of the atmofphere, ought to produce in 
meteorology. They were not aware that this continual 
lofs of matter is not agreeable to the wife ceconomy of 
nature. They did not obfervc that this gas, during its 
afcent in the air, combines with other bodies, more efpe- 
cially the oxigene, and that water and other products are 
the refult ; the knowledge of which mult necefiarily lead 
us to that of moft meteors. 

The theory of balloons, or aeroftatic machines, is 
founded on this levity of the hydrogenous gas. 

In order that a balloon may rife in the atmofphere, it 
is fufficient that the weight ci the balloon itfelf, and the 
air it indoles, ftiould belefs confiderable than that of an 
equal bulk of atmofpheric air; and it muft rife till its 
weight is in equilibria with an. equal volume of the 
furrounding air. 
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The theory of the Mongolfiers is very different 
from this. In this cafe a given volume of atmofpheric 
air is rarefied by heat, and kept feparated from the 
common mafs by a hollow veffel of cloth. This rarefied 
fpace may therefore be confidered for a moment as 
confiding of a mafs of air of greater levity, which mud 
neceffarily make an effort to rife in the atmofohere, and 
carry its covering along with it. 

E. Hydrogenous gas exhibits various characters, ac- 
cording to its degree of purity, and the nature of the 
fub (lances which are mixed with it. 

It feldom happens that this gas is pure. That which 
is afforded by vegetables contains oil, and the carbonic 
acid. The inflammable air of marfhes is mixed with a 
greater or lefs quantity of carbonic acid ; and that which 
is afforded by the decompofition of pyrites fometimes 
holds fulphur in folution. 

The colour of hydrogene, when fet on fire, varies 
according to its mixtures. One-third of the air of the 
lungs, mixed with the inflammable air of pit-coal, 
affords a flame of a blue colour ; inflammable air, mixed 
with nitrous air, affords a green colour ; the vapour 
of either affords a white flame. The various mixtures of 
thefe gafes, and the degree of comprenion to which they 
are fubjected, when expreffed out of an aperture in 
order to burn them, have, in the hands of certain ope- 
rators, afforded very agreeable illuminations, well de- 
ferving the attention of learned and curious obfervers. 

F. Hydrogenous gas poffeffes the property of diffol- 
ving fulphur. In this cafe it contracts a flinking fmelJ, 
and forms hepatic gas. 

Mr. Gengembre put fulphur into inverted veffels fil- 
led with hydrogenous gas, and diffolved it by means of 
the burning-glafs. The hydrogenous gas, by this treat- 
ment, obtained all the characteriftic properties of hepatic 
gas. 

The formation of this gas is almoit always an effect of 
the decompolmon of water. In fact, the alkaline ful- 
phures, or livers of fulphur, do not emit any difagreeable 
imcil while they are dry ; but the moment they are 
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moiftened, an abominable fmell is perceived, and fill- 
phate of pot-afti, or vitriolated tartar, begins to be 
Formed. Thefe phenomena prove that the water is de- 
compofed ; that one of its principles unites to the fulphur, 
and volatilizes it \ while the other combines with the 
alkali, and forms a more fixed product. 

Sulphurated hydrogenous gas may be obtained by 
diffolving the jfulphures or hepars by acids. Thofe acids 
in which the oxigenc is mod adherent difengage the 
greateft quantity. The muriatic acid produces twice 
as much as the fulphuric. That which is produced by 
this lafl, burns with a blue flame; but that which is 
difengaged by the muriatic acids burns with a yellowifh 
white flame. 

Scheele has taught us the means of obtaining this gas 
in great abundance, by decompofmg artificial pyrites, 
formed by three parts of iron and one of fulphur, to 
which fpirit of vitriol is added. 

The natural decomposition of pyrites in the bowels 
of the earth produces this gas ; which efcapes with 
certain waters, and communicates peculiar virtues to 
them. 

The mod general properties of thefe gafes are : 

1 . They render the white metals black. 

2. They are improper for refpiration. 

3. They impart a green colour to fyrup of violets. 

4. They burn with a light blue flame, and depofit 
fulphur by this combuftion. 

5. They mix with the oxigenous gas of the atmofpheric 
air, and form water ; at the fame time that the fulphur, 
before held in folution, falls down. Hence it happens 
that fulphur is found in the channels of hepatic waters, 
though their analyfis does not {hew the exigence of an, 
atom of that fubflance held in folution. 

6. They impregnate water, and are fparingly fo'uble 
in that fluid ; but heat or agitation diffipates them again. 

The air which burns at the furface of certain fprings, 
and forms what is known by the name of burning fprings, 
ccnfifts of hydrogenous gas holding phofphorus in folution. 

It fmells like putrid flfh. The Pere Lamoi has difcovc 

i ■ - - ■ • 
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one of thefe iprings In the ifles of St. Colombat. Dau- 
phiny exhibits another fimilar fpring at the diftance of four 
leagues from Grenoble. The ignes fatui which glide along 
burying-grounds, and which the fuperflitious people fup- 
pofe to confift of the fpirits of the departed, are pheno- 
mena of this nature, which we mall fpeak of when we 
come to treat of phofphorus. 
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CHAPTER. II. 

Concerning Oxigenous Gas, or Vital Air. 

1 HIS gafeous fubftance was difcovered by the 
celebrated Prieftley, on the ift of Auguft 1774. Since 
that memorable day, means have been devifed of obtain- 
ing it from various fubftances ; and its properties have 
(hewn that it is a production of the moft interefting nature 
in the knowledge of chemiftry. 

No part of the atmofphere exhibits vital air in its 
greateft degree of purity. It is always combined, mixed, 
or altered by other fubftances. 

But this air, which is the mod general agent in the 
operations of nature, exifts in combination with various 
fubflances; and it is by their decomposition that it may 
be extracted and procured. 

A metal expofed to the air becomes changed ; and thefe 
changes are produced only by the combination of the 
pure air with the metal itfelf. Simple diftillation of fome 
of thefe metals thus changed, or oxides, is fufEcient to 
difengage this vital air; and it is then obtained in a very 
pure (late, by receiving it in the hydro-pneumatic appa- 
ratus. One ounce of red precipitate affords nbout a pint. 

All acids have vital air for their bafe : there are fome 
which yield it cafily. The diftillation of nitre decompofes 
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the nitric acid; and about twelve hundred cubic inches of 
ovigenous gas are obtained from a pound of this fait. 

The nitric acid, when diftilled from various fubftances, 
is decompofed, and its conftituent parts may be obtained 
feparately. 

Meffrs. Prieftley, Tngenhoufz, and Sennebier difco- 
vered nearly at the fame time that vegetables expofed to 
the light of the fun emit vital air. We fhall elfewhere 
fpeakof the circumitances ofthefe phenomena; but mall 
at prefent confine ourfelves to the obfervation, that the 
emiffion of vital air is proportioned to the vigour of the 
plant, and the vivacity of the light; and that the direct 
emiffion of the rays of the fun is not neceffary to produce 
this gafeous dew; it is fufficient that the plant be well 
enlightened, in order that it may tranfpire pure air: for I 
have often collected it in abundance from a kind of mofs 
which covers the bottom of a velfel filled with water, and 
fo well defended that the fun never (hone directly upon it. 

In order to procure the vital air which is difengaged 
from plants, it is fufficient to inclofe them beneath a glafs 
veiTel filled with water, and inverted over a tub filled 
with the fame fluid. The moment the planfc is acted on 
by the fun, (mail bubbles of air are formed on its leaves, 
which detaching themfelves, rife to the upper part of the 
veiTel, and diiplace the liquid. 

This dew of vital air is a beneficial gift of nature, to 
repair inceffantly the confumption of vital air. The plant 
abforbs atmofpherical mephitis, and emits vital air. Man, 
on the contrary, is kept alive by vital air, and emits 
much mephitis. It appears therefore that the animal and 
vegetable kingdoms labour for each other; and that by 
this admirable reciprocity of fervice the atmofphere is 
continually repaired, and an equilibrium maintained be- 
en its conftituent principles. 

The influence of folar light is not confined to the pro- 
duction of vital air by its action upon vegetables alone; it 
has likewife the lingular property of decompofmg certain 
fubitances, and difengaging this gas. 

A bottle of oxigenatcd muriatic acid, expofed to the fnn, 
fuffers all the fuperabun3ant oxigene which it contained 
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to efcape, and paffes to the irate of ordinary muriatic 
acid. The fame acid, expofed to the fun in a bottle 
wrapped in black paper, does not fuffer any change j and, 
when heated in a dark place, is even reducible into gas 
without decompofition. The nitric acid likewife affords 
oxigenous gas, when expofed to the fun ; whereas heat 
alone volatilizes it without decompofition. 

The muriate, or marine fait of filver, placed under 
water, and expofed to the fun, fuffers oxigenous gas to 
efcape from it. I have obferved that red precipitate like- 
wife affords oxigene in fimilar cafes, and that it becomes 
black in no very long fpace of time. 

We may likewife obtain oxigenous gas by difengaging 
it from its bafes by means of the fulphuric acid. The 
procefs to which I give the preference, on account of its 
Simplicity, is the following : — I take a fmall apothecary's 
phial, into which I put one or two ounces of manganefe, 
and pour thereon a fufficient quantity of fulphuric acid to 
form a liquid parte. I afterwards fit a cork to the opening 
of the bottle, with a hole through it, into which is'infert- 
ed a recurved tube; one of whofe extremities enters the 
bottle, while the other is placed under the fhelf of the 
pneumato-chemical apparatus. When the apparatus is 
thus difpofed, I prefent a fmall coal to the lower part of 
the bottle, and oxigenous gas is immediately difengaged. 

The manganefe I ufe was difcovered by me at St. Jean 
de Gardonnenque. It affords its oxigene with fuch faci- 
lity, that nothing more isneceffary for this purpofe than 
to incorporate it with the fulphuric acid. This gas is nr.r. 
perceptibly mixed with nitrigenous gas for phlogifticated 
air) ; and the firft bubble is as pure as the lail. 

Oxigenous gas exhibits certain properties, according to 
its degree of purity. Thefe depend in general upon the 
fubftances which afford it. That which is obtained iron 
the mercurial oxides .almoft always holds a fmall quantity 
of mercury in folution : I have been a witnefs to its baviiig 
produced a fpeedy falivation on two perfbns who ufed it 
for dtforders of the lungs. In confequence of thefe obser- 
vations, I filled bottles, with ti expofed them to an 
intenie cold, and the fides bee fcure4 with a ftratuni 
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cf mercurial oxide, in a {late of extreme divition. I have 
feveral times heated the bath, over which I caufed this gas 
topafs; and I obtained, at two different times, a yellow 
precipitate in the bottle in which I had received the gas. 

The oxigenous gas extracted from plants is not "equally 
pnre with that afforded by the metallic oxides: but from 
whatever fubftances it is obtained, its general properties 
are the following: 

A. It is more ponderous than the air of the atmofphefe; 
the cubic foot of aunpfpherical air weighing {even hundred 
and twenty grains, while the cubic foot of pure air weighs 
feven hundred and flxty-rive. According to Mr. Kirwan, 
its weight is to that of common air as eleven hundred ar;<j 
three to one thoufand. One hundred and fixteen inches of 
this air weighed 39,09 grains; one hundred and fixteen 
inches of common air weighed 35,38 grains at the tern- 
perature of ten degrees of Reaumur, and twenty-eight 
inches of preffure. One hundred parts of common air 
weighed forty-fix, and one hundred parts of vital air fifty. 

B. : Oxigenous gas is the only fluid proper for combuf- 
tion. This acknowledged truth caufed the celebrated 
Scheele to give it the name of Air of Fire."" 

To proceed with greater order in the examination of one 
of the mod important properties of oxigenous gas, finceit 
belongs exclusively to this fluid, we {hall lay down the 
four following principles, as inconteftable refults of all the 
known facts. 

The firfl principle.— Combuftion never takes place 
without vital air. 

The fecond principle. — la every combuftion there is an 
abforption of vital air. 

The third principle.- — There is an augmentation cf 
weight in the products of combuftion equal to the weight 
of the vital air abforbed. 

The fourth principle. — In all combuftion there il a 
diftngagement of heat afj$ light. 

I. The firfl of thefe proportions is a fcrleT truth. Hy- 
drogenous gas does not burn alone, without tlv 
of^oxigene; and all combuftion ceafes the moment that 
oxigenous gas is wanting. 
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L The fecotid principle contains a truth no Iefs general! 
If certain bodies, fuch as phofphorus, fulphur, &c. be 

burned in very pure oxigenous gas, this is abforbed to the 
lad particle ; and when the combuftion is effected' in a 
mix.tu.re of feveral gafe's, the oxigene alone is abforbed, 
and the others remain unchanged. 

In the flower combuflions, fuch as the rancidity of oils, 
and the oxidation of metals, there is equally an absorption 
"of oxigene, as may be fhewn by confining thefe bodies in 
a determinate mals of air. 

III. The third principle, though not lefs true than the 
preceding, requires more explanation ; and for this pur- 
pole we mall didinguifh thofe combuflions whofe refult, 
refidue, and product are fixed, from thofe which afford 

uile and fugacious fubdances. In the firfl cafe the 

oxigenous gas quietly combines with the body j and by 

;amg the fame body the moment the combudion has 

completely taken place, it is eafily afcertained whether the 

reafe in weight be proportioned to the oxigene abforbed. 
This happens in all the cafes wherein the metals are oxided, 
or oils rendered rancid ; and in the production of certain 
acids, fuch as the phofphoric, the fulphuric, &c. In the 
fecond cafe, it is more difficult to weigh all the remits of 
the combustion, and confequently to afcertain whether 
the augmentation in weight be proportioned to the quan- 
tity of the air abforbed. Neverthelefs, if the combuftion 
be made in inverted veiTds, and the whole of the products 
be collected, it is found that their augmentation in weight 
is fcriclly equal to that of the air abforbed. 

IV. The fourth principle is that whofe applications are 
the moll interefling to be known. 

In mo ft combuflions, the oxigenous gas becomes 
fixed and concrete. It therefore abandons the caloric 
which maintained it in the aeriform date ; and this calo- 
ric being fet at liberty, produces heat, and endeavours 
to combine itfelf with the mbflances neared at hand. 

The difengagerrkbnt of Heat is therefore a condant 

- fn all the ca'fes whernri vital air is fixed in bodies ; 

and it follows, from this princple— - I. That heat is mod 

ftoua^Btly rcujen: in the ovigenous gas which maintains 
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combuftion. 2. That the more oxigcne is abforbed in a" 
given time, the fhonger will be the heat. 3. That 
the only method of producing a violent heat confifts in 
burning bodies in the purer!, air. _ 4. That fire and heat 
mud be more intenfe in proportion as the air is more 
condenfed. 5. That currents of air are neceffary to 
maintain and expedite combuffion. It is upon this prin- 
ciole that the theory of the effects of the cylinder lamps 
is founded : the current of air, which is renewed 
.through the tube, fupphes frefh air every inftant ; and 
by continually applying a new quantity of oxigenous gas 
to the flame, a heat is produced fufncient to ignite and 
deftroy the fmoke. 

It is likewife on the fame principle that we explain the 
great -difference that exifts between heat produced by a 
flow combuftion, and that which is afforded by rapid 
combuftion. In the latter cafe the fame quantity of heat 
and light is produced in a fecond, which might have been 
produced in the other cafe in a much longer time. 

The phenomena of combuftion, by means of oxigenous 
gas, depend likewife upon the fame laws. Profeffor 
Lichtenberger, of Gottingen, foldered the blade of a 
. Jcnife to a watch fpring by means of oxigenous gas; 
Meffrs. Lavoifier and Erhmann have fubjected almoft all 
the known bodies to the action of fire maintained by 
oxigenous gas alone ; and they produced effects which 
the burning-glafs could not have operated. 

Mr. Ingenhoufz has fhewn us, that if an iron wire be 
bent into a fpiral form, and any combuftible fubftance 
whatever be fixed to one of its ends, and fet on fire, the 
wire will itfelf be fuied by plunging it into oxigenous 
gas. 

Mr. Forfter, of Gottingen, found that the light of 
glow-worms is fo beautiful and bright in oxigesous gas, 
that one fmgk infect was fufficient to afford light to read 
. the Annonces Savantes of Gottingen, printed in a very 
fmall character. Nothing more is wanting therefore 
than to apply this air to combuftion with facility and 
ceconomy ; and Mr. Meufnier has fuccccded in this, by 
conflructing a firnple and commodious apparatus, On 
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tills fubjeft the treatife of Mr. Erhmann upon fufionmay 
be confulted. 

The defcription of the gazometer may likewife be feen 
in the Elementary Treatife of Chemiftry, by Mr. Lavoi- 
fier. 

We {hall diftinguifn three ftates in the very aft of com* 
bullion — ignition, inflammation, and detonation. 

Ignition takes place when the combuftible body is 
not in the aeriform Mate, nor fufceptible of afluming 
that ftate by the fimple heat of combuftion. This hap- 
pens when well-made charcoal is burned. 

When the combuftible body is prefented to oxigenous 
gas, in the form of vapour or gas, the refill t is flame ; 
and the flame is more considerable:, in proportion as the 
combuftible body is more volatile. The flame of a can- 
dle is not kept up but by the volatilization of the wax, 
which is continually effected by the heat of the combur 
flion. 

Detonation is a fpeedy and rapid inflammation, which 
occafions a noife by the inftantaneous formation of a 
vacuum. Mod detonations are produced by the mixture 
of hydrogenous and oxigenous gas, as I have fhewn in 
my Memoir upon Detonations, in the year 1781. It 
has been fince proved, that the product of the rapid 
combuftion of thefe two gafes is water. Very ftrong 
detonations may be produced by burning a mixture of 
one part of oxigenous gas with two of hydrogene. The 
effect may be rendered ftill more terrible, by caufmg the 
mixture to pafs through foap-water, and letting fire to the 
bubbles which are heaped on the furface of the fluid. 

Chemiftry prefents feveral cafes in which the detonation 
arifes from the hidden formation of feme gafeous fubftan- 
ces, fuch as that which is produced by the inflammation of 
gunpowder ; for in this cafe there is a hidden production of 
carbonic acid, ofnitrogene gas, &c. The production or 
inftantaneous creation of any gas whatever, muft occafion 
a (hock or agitation in the atmofphere, which neceffarily 
affords an explofion ; the effect of thefe explofions increafes, 
and becomes ftronger, from the oppofition of any obftacles 
againft the efcape of the gas. 
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C. Oxigenous gas is the only gas proper tor refpitattbn. 
It is the mod eminent property wliich has entitled it to the 
name of Vital Air; and we (hall give the preference to 
this denomination in the prefent article. 

It has long lince been known that animals cannot live 
without the affiilance of air. But the phenomena of pefJ 
piration have been very imperfectly known until lately. 

Of all the authors who have written concerning refpira. 
tion, the ancients are thofe'who have had the mofr. accu- 
rate ideas of it. They admitted in the air a principle 
proper to riourijh and fupport life, which they denoted 
by the name of pabulum vita; and Hippocrates expreisly 
. lays, fpiriiu: chain alimciitum efl. This idea, which was 
connected wkh no hypothecs, has been mcceiSvely replaced 
.byfyftems void of all foundation. Sometimes the air has 
been confidered as a ilirnulus in the lungs';, which kept up 
:the circulation by it's continual action. Vide Hallcr.— 
. Sometimes the lungs have been confidered as bellows d'e- 
. iigned. to cool the body, heated by a thoufa'nd imaginary 
caufes: and when it was proved that the volume of air 
. was diminilhed in the lungs, it was thought to be an 
explanation of every difficulty, to fay that the air \\ao 
deprived of its fpring. 

At this day, however, we are enabled to throw feme 
light on one of the moll important functions of the human 
body, in order to proceed with more pcrfpicuity, we 
ihall reduce our notions to feveral principles. 

i. No animal can live without the affiltance of air. 

: This fact is univerfally admitted; but it has not heen 

known until lately that the faculty which the air pcfTefies 

of anfwering the purpofe of refpiration, arifes only from 

. one of the principles of atmofpheric air, known by the 

: name of vital air. 

2. All animals do not require the fame purity in the 
i air. Birds, as well as men, and the greateft part of qua- 
drupeds, require a very pure air; but thofe which live in 
the earth, or which hide themfelves in a (late of itupefac- 
tion during the winter, can fubfiit by means of a lefs pure 
air. 
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. The manner of refpiring the air is different in the 
feveral fubjtcts. In general, nature has given to -animals 
an organ, which by its involuntary dilatation and contrac- 
tion receives and expels the fluid in which the animal moves 
and exiils. This organ is more or lefs perfect, more or 
lefs concealed and defended from external injury, accord- 
ing to its importance, and influence upon the life of the 
creature, as Mr. BroufTonnet has obferved. 

Amphibious animals refpire by means of lungs: hut 
they can fufperid their motion even whilfi they are in 
th /air; as I have obferved with regard to frogs, which 
So their refpiration at pleafure. 

manner of refpiration in fhhes is very different; 
t fe animals come from time to time to inhale the air at 
thi Uutace of the water, where they til their veficle, and 
digest it afterwards at their eafe. I have for a long time 
obferved the phenomena of fifties in the aft of refpiration; 
and am well aifured that they are fenfible of the afiion of 
all the gafes, like other animals. Mr. De Fourcroy has 
obferved that the air contained in the velkle or the carp is 
introgene gas (phlogifticated air). 

Infects with tracheae exhibit organs ftill more remote 
from ours in their conflruction. In thefe animals, refpi- 
ration is effected by the tracheae distributed along the body, 
They accompany all the v'effels, and terminate by bfing 
themielves in infenfible pore* at the furface of the fldn. 
- Thefe infects appear to me to exhibit feveral very c, i- 
dent points of analogy with vegetables. 

i. Their refoiratory organs are formed in the fame 

manner, being difpofed through the whole body of the 

vegetable and the animal. — 2. Infects do not require a 

- great degree of purity in the air; and plants are nomithed 

with atmofpherical mephitis. — 3. Both the one and the 

, other tranfpire vital air. The abbe Fontana difcovered 

feveral infects in (lagnant waters, which, when expofed to 

" the fun afforded vital air: and the grcsn matter which is 

formed in (lagnant waters, and is by Dr. Prieilley placed 

among the confervse, in conformity with the opinion of 

his friend Mr. Bewley — which Mr. Senebier has fuppofed 

to be the conferva ceftitofa jilis reel:: ur.dlque diverge 'fit i bus 
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Hallerh and which has appeared to Dr. Ingenhoufz to be 
nothing fife but a mafs of aniraalcula— affords a prodi, 
gious quantity of this air when expofed to the fun. — 4. 
Infers likewife afford, by chemical analyfis, principles 
fimilar to thofe of plants, fuch as refins, volatile oils, &c. 
Father Vaniere appears to have known, and very ele- 
gantly expreiTed, the property of vegetables to fupport;. 
themfelves by means of vital air: 

..... Arbor eriim (res nqn ignota), ferarum 
I: lar et halituum, pifcifque latentisin imo 
Gargiie, vitaies et reddit et accipit auras. 

Proedium Rusticum, 1. vL 

Is with lungs refpire only by virtue of the vital air 

Hind's them. Any gas deprived of this mixture 

I ecomes immediately improper for refpirationj and thi; 

fi, .aion is exercifed with fo much the greater liberty, as 

vital air exifts in a greater proportion in the air refpired. 

Count Iviorozzo placed fuccefiively feveral full-grown, 
fparrows under a glafs bell, inverted over water. It was 
at firfh filled with atmofpherical air, and afterwards with 
vital air. He obferved — 

t. In atmofpherical air, Kours - MIn - 

The firft fparrow lived 3 o 

The fecond o 3 

The third . 01 

The water rofe in the veffel eight lines during the life 
of the firft ; four during the life of the fecond j and the 
third produced no abforption. 

2, In vital air, Hours. Mir - 

The fir ft fparrow Kyi 

The fecond 

The third 

The fourth 

The fifth 

The fixth 

The feventh 

The eighth 

The ninth 

The tenth 



5 




2 


IO 


r 


3° 


1 


10 





3° 





47 





27 





30 





22 





21 



Vital Air. 57 

From thefe experiments it may be concluded, I. That 
an animal lives longer in vital air than in atmofpherical 
ah*. 2. That an animal can live in air in which another 
has died. 3. That, independent of the nature of the air, 
refpecl mutt be had to the conftitutionof the animals, as the 
fixth lived forty-feven minutes, and the fifth only thirty. 
4. That there is either an abforption of air, or the pro- 
duction of a new kind of air, which is abforbed by the 
water as it rifes. 

It remains, at prefent, to examine what are the changes 
produced by refpiration. 1. In the air. 2. In the blood. 
The gas emitted by expiration is a mixture of nitrogene 
gas, carbonic acid, and vital air. .If the air which iffues 
from the lungs be made to pafs through lime-water, it ren- 
ders it turbid ; if it be received through tincture of turn- 
fole, it reddens it ; and if a pure alkali be fabftituted 
indeadof the tincture of turnfole, it becomes effervefcent. 
When the carbonic acid has been abforbed by the fore- 
going procefs, the remainder of this air confifts of nitrc^ 
gene gas and vital air. The vital air is ihewn to be prefent 
by means of nitrous air. The air in which I had caufed 
five fparrows to per'.ih, afforded feventeen hundredth 
parts of vital air. After having thus deprived the. expired 
air of all its vital air, and all its carbonic acid, the remain- 
der is nitrogene p - as. 

' It has been obferved that frugivorous animals vitiate, 
the air lefs than carnivorous animals. 

A portion of the air is abforbed in refpiration. Borelli 
formerly took notice of this : and Dr. Jurin had calcu- 
lated that a man infpired forty cubic inches of air in his 
ufual inhalations, and that in the greatelt he could receive 
two hundred and twenty inches ; but that a portion was 
always abforbed. The celebrated Dr. Hales endeavoured 
to determine this abforption more flri&ly, and he efiimated 
it at a iixty-eighth of the total of the refpired air ; .but he 
did not confidcr it as more than a hundred and thirty-iixtb, 
on account of errors which he fuppofed to have taken 
place. Now a man refpires twenty times in a minu.te, and 
mhales forty cubic inches of air at each infpiration : this 
makes forty-eight thoufand per hour • which, divided by 
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one hundred and thbiy-fix, gives about three hundred and 
fifty- three inches of air abforbed and deflroyed in the hour. 
The procefs of Hales is not exact ; becaufe he palled the 
air expired through water, which mud have retained a 
fenfible proportion. 

From more accurate experiment:, Mr. De la Meiherie 
has proved, that three hundred and fixty cubic inches of 
vital air are abforbed in an hour. 

My experiments have not {hewn near fo great a lofs. 

This fad! affords a proof of the facility with which air 
is vitiated by refpiration when it is not renewed, and {hews 
why the air tif theatres is in general fo unwholefome. 

II. The firfl effect which the air appears to produce 
upon the blood is, that of giving it a vermillion-colouf. 
If. the biackiiht venous biood be expofed in a pure atmof- 
phere, it becomes of a vermilion-colour at its furface: this 
fact is daily obferved when blood is fufFered to remain 
expofed in a porringer to the air. Air which has remained 
in contact with blood extinguishes candles, and precipitates 
lime-water. Air injected into a determinate portion of a 
vein between two ligatures, renders the blood of a high'er 
colour, according to the fine experiments of Dr. Hewfon. 

The blood which returns from thelunrs is of a higher 
colour, according, to the obfervations of Meffrs. Cigna, 
Hewfon, &c. Hence arifes the great intenfity of the 
colour of arterial blood, compared with venous blood. 

Mr. Thouvenel has proved, that by withdrawing the air 
which is in contact with the blood, it may be again made 
to lofe its colour. 

Mr. Beccaria expofed blood in a vacuum, where it 
remained black, but affumed the mofl beautiful vermillion- 
colour as foon as it was again expofed to the air. Mr. 
Cigna covered blood with oil, and it preferved its black 
colour. 

Dr. Prieftley caufed the blood of a fheep to pafs fuccef- 
fively into vital air, common air, mephitic air, &c. and 
he found that the blacked parts affumed a red colour in 
refpirable air, and that the intenfity of this colour was in 
proportion to the quantity of vital air prefent. The fame 
philosopher filled a bladder with blood, and expofed i: to 
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I e air. That portion of blood which touched the fur- 
face of the bladder, became red, while the internal part 
' remained black; an abforption of air therefore took place 
through the bladder, in the fame manner as when the 
contact is immediate. 

All thefe facts inconteftably prove, that the vermilion- 
colour alfnmed by the blood in the lungs, is owing to the 
pare air which combines with it. 

The vermilion-colour of blood is therefore the firft effect 
of the contact, abforption, and combination of pure ah: 
v.ith the blood. 

The fecond effect of reformation is to eftablifh a real 
focus of heat in the lungs; which is a circum fiance very 
oppofite to the precarious and ridiculous notion of thofe 
who have confidered the Fungs as a kind of bellows defign- 
ed to cool the human body. 

Two celebrated phyficians, Hales and Boerhaave, have 
obferved that the blood acquired neat in pafling through 
the lungs; and modern phyfioligifts have eftimated this 
augmentation of heat at eleven hundredths. 

The heat in each clafs of individual animals is propor- 
tioned to the magnitude of their lungs, according to 
MdlVs. De Buflfon and BroufTonet. 

Animals with cold blood have only one auricle and one 
ventricle, as Ariftotle obferved. 

Perfons who have refpired vital air, agree in affirming 
that they perceived a gentle heat vivifying the lungs, and 
infenfibly extending from the bread into all the other 
parts of the body. 

Ancient and modern facts unite therefore to prove, 
that a focus of heat really exifts in the lungs, and that it 
is maintained and kept up by the air of refpiration. We 
are able, at prefent, to explain all thefe phenomena. In 
fact there is an abforption of vital air in refpiration. Re- 
fpiration then may be confidered as an operation by means 
of which vital air paifes continually from the gafeous to 
the concrete Mate : it imift therefore at each in flan t aban- 
don the heat which held it in folutiori, and in the Hate or 
gas. This heat produced at every inspiration' nuift be 
proportioned to the volume of theHung^ to the-activitv of 

R 
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this organ, to the purity of the air, the rapidity of the 
infpirations, &c. Hence it follows that, during the win- 
ter, the heat produced mutt be more confiderable, becaufe 
the air is mere condenfed, and exhibits more vital air 
under the fame volume. By the fame reafon, refpiration 
ought to produce more heat in the inhabitants of 
northern climates; and this is one of the caufes prepai 
by nature I erate, and continually balance, the 

extreme cold of thefe climates. It follows likewife that 
the lungs of alllimatfc perfons are lefs capable of d 
the air; and I am allured that they emit the air without 
vitiating it: from which caufe their complexion is cold, 
and their lungs continually languifhing ; vital air is th 
fore wonderfully comfortable to them. It may be ealily 
conceived from thefe principles why the heat of animals is 
proportioned to the volume of their lungs; and why thofc 
•which have only one auricle, and one ventrical, have 
cold blood, &c. 

The phenomena of refpiration are therefore the fame 
as thofe of combuttion. 

Vital air, by combining with the blood, forms the car- 
bonic acid, which may be confidered as antiputrefcent as 
long as it remains in the circulation; and that it is after- 
wards emitted through the pores of the ikin, according to 
the experiments of the count De Milly, and the obferva- 
tions of Mr. Fouquet. 

Vital air has been ufeci with I ; : certain dif< 

of the human body. The obfervations of Mr. Caillens 
are well known. Ke catifed perfons affected with phthi- 
fical diforders to refpir'e it with the grc ecefs. I 

have myfclf been a witnefs to the matt wonderful effects of 

this air inafimilar cafe. Mr. De B- was in thelaft 

itageofaa ifis. me weaknefs, profufc 

fweats, a flux of the belly, and in fhort every fymptotn 
announced the . ,th. One of my fri 

.Mr. De P — — , put him on a ccurfe of vital air. The 
patient refpired it with delight, and for it witl 

the eagernefs of an infant at her breaft. During 
time that he refpired it he felt a comfortable 
distributed itfdf i\\ - J. all .... limbs. 



Vital Mr. 8 1 

increafed with the greated rapidity, and in fix week? 
he was able to take long walks. This date of health 
laded for fix months: but after this interval he relap^ 
fed ; and being no longer able to have recourfe to the 

ufe of vital air, becaufe Mr. De P had departed 

for Paris, he died.- — I am very far from being of opinion 
that the refpiration of vital air ought to be confidered as 
a fpecific, in cafes of this nature. I am even in doubt 
whether this powerful air is perfectly adapted to fuch 
circumdance<; but it infpires cheerfulnefs renders the 
patient happy, and in defperate cafes it is mod certainly 
a precious remedy, which can fpread flowers on the 
borders of the tomb, and prepare us in the gentled 
manner for the lad dreadful effort of nature. 

The abfolute neceffity of vital air in refpiration, enables 
us to lay down pofitive principles for purifying the 
corrupted air of any given place. This may be done ia 
three ways. The firft confids in correcting the vitiated 
air by means of fubdances which are capable of feizing 
the noxious principles. The fecond confids in difplacing 
the corrupted air, and fubdiduting frefli air in the room 
of it ; as is done by means of ventilators, the agitation 
of doors, &c. And the third confids in pouring intd 
the mephitifed atmofphere a new quantity of vital air. 

The proceifes employed in purifying corrupted air, 
are not all certain in their effects. The fires which are 
Jighted for this purpofe have no other advantage than to 
edablifh afcending currents, and to burn unhealthy exha- 
lations ; and perfumes do nothing more than difguife the 
■bad fmell, without changing the nature of the air, as 
experiments of Mr. Achard fhew. 
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CHAPTER III. 
Concerning Nitrogene Gas, A%ote, or Atmofperical Mephitis. 



IT has been long fmceafcertained, that air which 
has ferved the purpofes of combuftion and refpiration, is 
no longer proper for thofe ufes : the air thus corrupted 
has been diftinguifhed by the names of Phlogifticated Air, 
Mephitifed Air, Atmofpherical Mephitis, &c. I call it 
Nitrogene Gas, for the reafons explained in the prelimi- 
nary difcourfe. 

But this refidue of combuftion or refpiration is always 
mixed with a fmall quantity of vital air and carbonic acid, 
which mull be removed in order to have the nitrogene 
gas in a ftate of purity. There are feveral methods 
which may be ufed to obtain nitrogene gas, in a very 
pure (late. 

i. Scheele has taught us, that by expofmg fulphure of 
alkali, or liver of fulphur, in a veiTel filled with atmofphe- 
rical air, the vital air is abforbed ; and, when the abforp- 
tion is complete, the nitrogene gas remains pure. 

By expofmg, in atmofpheric air over mercury, a mix- 
ture of iron and fulphur, kneaded together with water, 
Mr. Kirwan obtained nitrogene gas fo pure, that it fuffercd 
no diminution by nitrous gas. He deprived it of all humi- 
dity, by fucceffively introducing dried blotting-paper into 
the veffel which contained it. Care mud be taken to with- 
draw this air in time from the pafie which affords it ; 
otherwife it will be mixed with hydrogene or inflammable 
gas, which \s afterwards difengaged. 2. When by any 
means, fuch as the oxidation of metals, the rancidity of 
oils, the combuftion of phofphorus, &c. the vital air of 
the atmofphere is abforbed, the refidue is nitrogene gas. 
AH thefe proceffes afford methods of greater or lefs accu- 
racy to determine the proportions of vital air and nitro- 
gene gas in the compofition of the atmofphere. 
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3. This mephitis may likewife be procured by treating 
mufcular fleih, or the well-wafhed fibrous part of blood, 
with nitric acid in the hydro-pneumatic apparatus. But 
it mull be carefully obferved that thefe animal matters 
ought to be frefti ; for, if they have begun to be changed 
by the putrid fermentation, they afford carbonic acid 
mixed with hydrogene gas. 

A. This gas is improper for refpiration and combuflion. 

B. Plants live in this air, and freely vegetate in it. 

C. This gas mixes with the other airs, without com- 
bining with them. 

D. It is lighter than the atmofpheric air, the barometer 
Handing at 30. 46, and Fahrenheit's thermometer at 60 : 
the weight of nitrogene gas is to that of common air as 
nine hundred and eighty-five to one thoufand. 

E. Mixed with vital air, in the proportion of 72 to 28, 
it conftitutes our atmofphere. The other principles which 
analyfis exhibits in the atmofphere, are only accidental, 
and by no means neceffary. 



SECTION VI. 

Concerning the Mixture of Nitrogene and Oxigene Gas ; or of Atmo« 
fpheric Air. 



JL HE gafeous fubfhnceswehave treated of fel- 
dom exifls alone and infulated; nature prefents them every 
where to our obfervation in a date of mixture or of com- 
bination. In the firft cafe thefe gafes preferve the aeriform 
ftate ; in the fecond they for the mofl part form fixed and 
folid bodies. Nature, in its feveral decompofitions, reduces 
almoft all the principles of bodies into gas. Thefe new 
fubdances unite together, combine, and from thence refult 
compounds of confiderable Simplicity in their principles, 
but which become complicated by fubfequent mixtures 
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and combinations. We may follow the operations of 
nature, ftep by ftep, without departing from the plan we 
have adopted. , 

The mixture of about feventy-two parts of mtrogene 
gas, and twenty-eight of oxigene, form this fluid mafs in 
which we live. Thefe two principles are fo well mixed, 
and each of them is fo neceffary to the fupport of the vari- 
ous functions of individuals which live or vegetate upon 
the globe, that they have not yet been found feparate and 

alone. 

The proportion of thefe two gafes is fnbjecl: to varia- 
tion in the mixture which forms the atmofphere : but this 

erence depends only upon local caufes ; and the mod 
ufual proportion is that which we have here mentioned. 
The chara&eriftic properties of vital air are modified by 
tho.'e df nitrogene gas, and thefe modifications even feem 
to be neceffary : for if we were to refpire vital air in its 
ftate of purity, it would quickly confume our life ; an4 
this virgin air is no more fuitable to our exigence than 
diftilled water. Nature does not appear to have defigneci 
us for the ufe of thefe principles in their greateft degree 
of perfection. 

The atmofpheric air is elevated feveral leagues above 
cur heads, and fills the deepefl fubterraneous cavities. It 
is invifible, infipid, inodorous, ponderous, elaftic, &c. It 
was the only gafeous fubflance known before the pre 
epocha of chemiflry; and the infinite gradations of all 
the invifible fluids which prefehted themfelves fo frequently 
to the obfervation of philofophers, were always attributed 
to modifications of the air. Almofh the whole of what 
has been written upon the air relates only to its phyfical 
properties. We fliall confine ourfelves to point out the 
chief of thefe. 

A. Air is a fluid of extreme rarefaction, obedient to 
the fmal left motion: the flighted percufiion deranges it.; 
and its equilibrium, which is continually deftroyed, is con- 
tinually endeavouring to refiore itfelf. 

Thiough very fluid, it paffes with < • ty through orM 
fices by means of which groiTcr liquids ca 
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trate. This has caufed philofophers to fuppofe that its 
i were of a branched form*. 

B. The atmofperic air is invifible. It refra&s the rays 
of light without,] g them: for it is without fuffi- 

1 1 ft fome 1 hers have imagined that 

of this fluid are of a blue colour. 
a. a] ars that the air is inodorous itfdf ; though it is 
the ies. 

i infipid ; and when its contact 
: :s us varioufly, we ought to attribute it to its phyfical 
qualii 

C. It was not until iddleof the-laft century that its 
weight \ xtained hy accurate experiments. The 

of fupportiug water in a tube open at the 
bott. rater height than thirty-two feet, caufed 

llius to fuipecl that an external cauie fupportcd the 
liquid at that height, and that it was not: the horror or a 
vacuum which precipitated the water in the barrels of 
pumps. This celebrated philofopher filled a tube ciofed 
at one of its extremities with mercury : he reverfed this 
into a veffel filled with the fame metal ; and obferved that 
the mercury, after feveral ofcillations, conftantly fnbuded 
to the height of twenty-eight inches. He immediately 
faw that the difference of elevations correfponded with the 
relative weights of thefe two fluids, which are in the pro- 
portion of fourteen to one. The immortal I proved, 
le time afterwards, that liquids were fupported at this 
elevation by a column of atmofpherical air ; and he ascer- 
tained that their height varies according to the length of 
the column which prciTes upon them. 

D. The elafticity of the air is one of the properties 
upon which natural philofophers have made the greateft 
number of experiments ; and it has even been applied to 
Cbnfiderable advantage in the arts. 

* This is a deception. It is ti : c hefive attraction renders 

it diiRculJ ' . any deni 

fion qfair; but every ex . ) the condenfor, 

the I the air j ss through thefn 
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SECTION VII. 



Concerning the Combination of Oxigenous Gas and Hydrogene, 
which forms Water. 



ATER has been long confidered as an 
elementary principle ; and when accurate experiments 
had compelled chemids to clafs it among compound fub- 
fiances, a refidance and oppofition were made to it, which 
were not manifeded when the air, the earth, and the 
other matters reputed to be elementary, were fubjefted to 
fimilar revolutions. It feems to me, however, that this 
analyfis is equally drift with that of air. Water is decora- 
pofed by feveral procefTes ; it is formed by the combina- 
tion of oxigene and hydrogene : and we find that all the 
phenomena of nature and art confpire to prove the fame 
truth. What more can be required to afford an abfolute 
certainty refpefting any phyfical fa ft ? 

Water is contained in bodies in a greater or lefs quan- 
tity, and may be confidered in two dates : it is either in 
the date of fimple mixture, or in a date of combination. 
In the fird cafe, it renders bodies humid, is perceptible to 
the eye, and may be difengaged with the greated faci- 
lity. In the fecond, it exhibits no character which (hews 
that it is in a date of mixture. It exids in this form in 
crydals, falts, plants, animals, &c. It is this water which 
the celebrated Bernard has called Generative Water ; and 
of which he has made a fifth element, to didinrmifh it 
from exhalative water. 

Water, exiding in a date of combination in bodies, 
concurs in imparting to them hardnefs and transparency. 
Salts, and mod dony crydals, lofe their tranfparency 
when they are deprived of their water of crydallization. 

Some bodies are indebted to water for their fixity. 
The acids, for example, acquire fixity only by. combining 
with water. 
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Under thefe various points of view, water may be 
idered as the general cement of nature. The (tones 
and falls which are deprived of it, become pulverulent ; 
and water facilitates the coagulation, re-union, and con- 
ice of th | ■- :les of ftones, falts, &c. as we fl:.dl 
fee in the operations performed with plafters, lutes, 
mortar, 

Water, when difi d from its combinations, and 

in a ftate of abfolute liberty, is one of the moil confiJ. r- 
-able agents in the operations of this globe. It bears a 
part in the formation raid deconipontion of all the bod; is 
of the miner: 1 ,! kingdom : it is necefTary to vegetation, and 
to the free exercife of mod of the functions of animal 
bodies ; and it hafteris and facilitates the definition of 
thefe bodies, as fo'on as they are deprived of the principle 
of life. 

For a certain tine water was thought to be a fluid 
earth. The diftillation, trituration, and putrefaction of 
water, which always left an earthy refidue, afforded 
credit to an opinion that it was converted into earth. 
On this fubjeci, the works of Wallerius and Margraff 
may be coniulted : but Mr. Lavoifier has fhewn that 
this earth strifes from the wear of the veflels ; and the 
'crated Scheele has proved the identity of the nature 
'of this earth with that of the glafs velTeis in which the 
operations were made. So that the opinions of the 
phiioifopnical world are at prefent decided in this refpect. 

In order to obtain accurate ideas of a fubffance fo 
necefTary to be known j we will confider Water under its 
three it dates, of fojidity, fluidity, and gas. 

ARTICLE I. 

Concerning Water in the State cf Ice. 

Ice is the natural (late of water, whenever it is deprived 
of a portion of that caloric With which it is combined 
il it appears in the form of a liquid or gas. 
The cortverfion Into ice is attended with feveral pheno* 
lith feldom v i 

S 
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A. The firft of all, ?nd at the fame time the mod 
extraordinary, is .a fenfible production of heat at the 
moment in which the water palTes to the folid ftate. The 
experiments of Meflrs. Fahrenheit, Treiwald, Baume, 
De Ratte, leave no doubt on this fubjeft ; fo that the 
water is colder at the inftant of congelation than the ice 

itfelf. 

A flight agitation of the fluid facilitates its converfion 
into ice, nearly in the fame manner as the flighted motion 
very frequently determines the cryftallization of certain 
falts. This arifcs, perhaps, from the circnmftance, that 
by this means the caloric, which is interpofed between the 
particles, and may oppofe itfelf to the production of the 
phenomenon, may be expreffed or difengaged. In proof 
of this opinion, it is feen that the thermometer rifes at 
the very fame inftant, according to Fahrenheit. 

B. Frozen water occupies a larger fpace than fluid 
water : we are indebted to the Academy del Cimento 
for the proofs of this truth. In their experiments, bomb 
jliells, and the ftrongeft veffels, being filled with water, 
were burffc into pieces by the congelation of this fluid. 
The trunks of trees are fplit and divided with a loud 
noife, as foon as the fap freezes ; and fo likewife (tones 
are broken in pieces the moment the water with which 
they are impregnated pafles to the ftate of ice. 

C. Ice appears to be nothing more than a confufed 
cryflallization. Mr. De Mairan obferved that the needle- 
formed cryflals of ice unite in an angle of either fixty or 
one hundred and twenty degrees. 

Mr. Pelletier obferved, in a piece of fiftulous ice, 
cryflals in the form of flattened triangular prifms, termi- 
nated by two dehedral fiimmits. 

Mr. Sage obferves, that if a piece of ice, which con- 
tains, water in its internal parts, be broken, the water 
runs out, and the internal cavity is found to be lined 
with beautiful tetrahedral prifms, terminated in four-fided 
prifms. Thefe prifms are often articulated and croffed. 
Vide M. Sage, Anajes de Chimie, torn. i. p. 77. 

Mr. Macquart has obferved, that when it fnows at 
Mofcow, and the atmofphere is not too dry, ike air is 
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obferved to be loaded with beautiful cryftaMizations regu- 
larly flattened, and as" thin as a leaf of paper. They 
coniift of an union of fibres which fhoot from the fame 
center to form fix principal rays, and thefe rays divide 
themfelves into fmall blades extremely brilliant : he ob- 
ferved feveral of thefe flattened radii which were ten 
lines in diameter. 

D. When water pafTes from the folid to the liquid 
date, it produces cold by the abforption of a portion of 
heat, as is confirmed by the fine experiments of Wilcke. 
This production of cold by the fufion of ice, is likewife 
proved by the practice of the confectioners, who fufe 
certain falts with ice, in order to produce a degree of 
cold below o. 

Ice is found in many places in great maffes, known 
by the name of Glacieres : certain mountains are con- 
ftantly covered with them, and the fouthern ocean abounds 
with them. The ice formed by fait water affords frefh 
water when melted ; and in feveral northern provinces 
water is faid to be concentrated by froft, to collect the 
fait it holds in folution. I have likewife obferved, that 
feveral metallic falts are precipitated by expoiing their 
folutions to a temperature fufficient to freeze them. The 
ice which was formed did not poffefs the characters of 
the fait which had been diffolved. 

Hail and fnow are nothing but modifications of ice. 
We may confider hail as produced by the fudden difen- 
gagement of the elaftic fluid, which concurs in rendering 
water liquid : it is almofl always accompanied with thun- 
der. The experiments of Mr. Quinquet have confirmed 
this theory. — I will here relate a fact to which I myfelf 
was witnefs, at Montpelier, and of which philofophers 
may advantageoufly avail themfelves. On the 29th of 
October, 1786, four inches of water fell at Montpelier; 
a vaiolent explofion of thunder, which was heard about 
four in the evening, and which appeared to be very near, 
caufed a mod dreadful mower of hail. At this inftant a 
druggiit, who was employed in his cellar in preventing 
the mifchief occafioned by the filtration of water through 
the wall, was highly aftoniflied to behold that the water 
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which came through the -wall was icftajrtly changed into 
ice. He called in feveral neighbours to partake of ha 
furprife. I vifited the place a quarter of an hour after- 
wards and found ten pounds of ice at the foot of the wall : 
1 was well allured that it could not have pafied through 
the wall, which did not exhibit any crack, but appeared 
to be in very good condition. Did the fame caufe, which 
determined the formation of hail in the atmofphcrc, act 
equally in this cellar ? — I relate the fact only, and forbeaf 
to make any conjecture upon it. 



ARTICLE II. 

Concerning Waier. in the Liquid State. 

The natural (late of water appears to be that of ice : 
but its mod ufual (late is that of fluidity; and under this 
form it pofTefTes certain general properties, which we 
{hall proceed to defcribe. 

' , The experiments of the Academy del Cimento have 
caufed the philofophical world to deny the lead elal 
to water, becaufe it efcaped through the pores of balls 
of metal ftrongly comprefTed, .rather than yield to pref- 
fure. But Mefirs. Zimmerman, and the abbe Mongcz, 
have endeavoured to prove its elasticity from the very 
experiments upon which the contrary opinion has been 
built*. 

The liquid flate renders the force of aggregation i* 
water lefs powerful, and it enters into combination more 
readily in this form. Water which flows on the furface of 
our globe is never pure. Rain-water is feldom e 
from fome mixture, as appears from the line feri of 
experiments or the celebrated MarsrrafF. I have akcr- 

* The expcvI'Yie.'Us of Canton, to pi 
aire well known, and may be icon in the Philofophical Tranfa&iojK 
Re inclofed rical glafs veffels, from which a narrow neck 

proceeded, like that of a thermometer: the v. ttei was found to occupy 
a larger fpace whi ;{Ture of the atn is removed by the 

Bit-ptjmp, and , 
T. 
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tamed, -at Montpelier, that the rain-water in ftorms is 
piore impure than that of a gentle fhower — that the water 
which falls firft is lefs pure than that which falls after 
ieveral hours or feveral days rain — that the water which 
falls when the wind blows from the fea to the fouthwrrd, 
contains fea-falt ; whereas that which is produced by a 
northerly wind, does not contain a particle. 

Hippocrates has made feveral very important obferva- 
tiens refpecling the various qualities of water, relative to 
the nature of the foil, the temperature of the climate, &c. 

As it is of importance to the chemift to have very pure 
water for feveral delicate operation?, it is neceffary to 
point out the means which may be ufed to carry any 
water whatever to this degree of purity. 

Water is purified by diftil'ation. This operation is 
performed in veffels called Alembics. The Alembic is 
compofed of two pieces ; a boiler or cucurbit, and a 
covering called the capital or head. 

The water is put into the cucurbit, from which it is 
raifed in vapours by means of fire, and thefe vapours are 
condenfed by cooling the head with cold water. The 
condenfed vapours flow into a veffel defigned to receive 
them. This is called Diflilled Water ; and is pure, 
becaufe it has left behind it in the cucurbit the Sfalts and 
other fixed principles which altered its purity. 

Diflillation is more fpeedy and quick, in proportion as 
the preflure of the air is lefs upon the furface of the 
ftagnant fluid. Mr. Lavoifier diflilled mercury in vacuo; 
and the abbe Rochon has made a happy application of 
thefe principles to difliilation. It is to this fame principle 
that we muft refer the obfervations of almofl all natural ifls 
and philoiophers, who have remarked, that the ebullition 
in the liquid becomes more eafy, in proportion as we 
afcend a mountain from any other elevation ; and it is in 
confequence of thefe principles, that Mr. Achard con- 
tracted an iaftrument to determine the heights of moun- 
tains, by the degrees of temperature of the ebullition of 
boiling water. 

The abbe Mongez, and Mr. Lamancw. obferved that 
ctiier evaporates with prodigious facility upon the peak 
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of Teneriffe ; and Mr. De Sauffure has confirmed thefc 
experiments on the mountains of Switzerland. 

A true diftillation is carried on every where at the 
furface of our globe. The heat of the fun raifes water 
in the form of vapours; thefe remain a certain time in 
the atmofphere, and afterwards fall in the form of dew, 
by fimple refrigeration. This rife and fall of humidity, 
which fucceed each other, warn and purge the atmo- 
fphere of all thofe particles, which by their corruption or 
development might render it infectious ; and it is perhaps 
this combination of various miafmata with water which 
renders the evening dew fo unwholefome. 

It is to a fimilar natural diftillation that we ought to 
refer the alternate tranfition of water from the liquid 
(rate to that of vapour, which forms clouds, and by this 
means conveys the water from the fea to the fummits of 
mountains, from which it is precipitated in torrents, to 
return again to the common receptacle. 

We find traces of the diftillation of water in the mod 
remote ages. The firft navigators in the iflands of the 
Archipelago filled their pots with falt-water, and received 
the vapour in fpunges placed over them. The procefs of 
diftilling the water of the fea has been fucceflively brought 
to perfection ; and Mr. PoilTonnier has exhibited a very 
well conftructed apparatus to procure frefh water at all 
times in abundance. 

Pure water requires to be agitated, and combined with 
the air of the atmofphere, to render it wholefbme. Hence, 
no doubt, it is, that water immediately produced by rack- 
ing fnow, is unfit to drink. 

The characters of potable water are the following : 

i. A lively, frefh, and agreeable tafte. 

2. The property of boiling readily, and alfo that ci 
boiling peafe, and other pulfe. 

3. The virtue of diffolving foap without curdling. 
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ARTICLE III. 
f 

Concerning Water in the State of Gas. 

Many fubflances are naturally in the Hate of an aeri- 
form fluid, at the degree of the temperature of our 
atmofphere : fiich, for example, are the carbonic acid ; 
and the oxigenous, the hydrogenous, and the nitrogenous 
gafes. 

Other fubflances evaporate at a degree of heat very 
near that in which we live. Ether and alcohol are in this 
fituation. The firfl of thefe liquors paffes to the Hate 
of gas at the temperature of 35 degrees j the fecond, at 
that of 80 (of Reaumur). 

Some fluids require a ftronger heat for this purpofe j 
fuch as water, the fulphuric and nitric acids, oil, &c. 

To convert water into an aeriform fluid, MefTrs. De 
la Place and Lavoifier filled a glafs vefTel with mercury, 
and reverfed it over a difh filled with the fame metal. 
Two ounces of water were transferred beneath this vef- 
fel ; and the mercury was heated to the temperature of 
between ninety-five and a hundred of Reaumur, by 
plunging it in a boiler filled with the mother water of 
nitre. The included water became rarefied, and occupied 
the whole capacity. 

Water, by palling through earthen veffels ignited in 
the lire, becomes converted into gas, according to Priefl- 
ley and Kirwan. The eeolipile, the fleam-engine, the 
digefter of Papin, and the procefs of the glafs-blowers, 
who blow large globes by injecting a mouthful of water 
through their iron tube, prove the converfion of water 
into 8[as. 

It follows from thefe principles, that the volatilization 
of water being nothing more than a direft combination of 
coloric with this liquid, the portions of water which are 
the moll immediately expofed to heat, mull be the fir ft 
volatilized : and this is daily obferved; for it is continually 
feen that ebullition begins at the part moil heated. But 
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when the heat is applied equally at all parts, the ebulli- 
tion is general. 

Several phenomena. have ltd US. to believe that water 
may be converted into air. The procels of the glafc 
blowers to blow large fpheres ; the hydraulic organ of 
father Kircher ; the phenomena of the ceolipile j the 
experiments of Meflrs. Prieflley and Kirwan ; the man» 
ner of afli fling combuflion, by fprinkling a fmall quantity 
of water upon, the coals—- all thefe circumftances appeared 
to announce the converlion of water into air. But it w< i 
far from being fuppofed that mod of thefe phenomena 
were produced by the decompofition of this fluid ; and 
the genius of Mr. Lavoifier was neceflary to carry this 
point of doctrine to the degree of certainty and precifiori, 
which in my opinion it noW appears to pofTefs. 

MelTrs. Macquer and De la Metherie had aln 
obferved, that the combuftion of inflammable air produced 
much water. Mr. Cavendifli confirmed thefe experi- 
ments in England, by the rapid combuftion of inflamma- 
ble air and vital air. But Meflrs. Lavoifier, De la Place, 
Monge, and Meufnier, have proved that the whole mafe 
of the water might be converted into hydrogene and oxi- 
gene ; and that the combuftion of thefe two gafes pro- 
duced a volume of water proportioned to the weight of 
the two principles employed in this experiment. 

i. If a fmall glafs vefTel be inverted over mercury, and 
a known quantity of diftilled water and filings of iron be 
put into the upper part of this velfel, inflammable ;-.;r 
will be gradually difengaged, the iron will ruft, and the 
water which moiftens it will diminifli, and at length dif- 
appear ; the weight of the inflammable air which is pro- 
duced, and the augmentation in weight of the iron, will 
be equivalent to the weight of the water made ufe of. It 
appears therefore to be proved, that-the water is reduced 
into two principles, the one of which is inflammable air, 
and the other is the principle which has entered into com* 
bination with the metal. Nov/ we know that the oxi 
tion or calcination of metals is owing to vital air ; and 
•confequently the two fubltances produced, namely the 
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*kal air and inflammable air, arife from the decompofition 
of water. 

2. When water is converted into the (late of vapour* 
in its paflage through an ignited iron tube, the iron be- 
comes oxided, and hydrogene is obtained in the (late of 
gas. The augmentation of weight in the metal, and the 
weight of the hydrogene obtained form precifeiy a flim 
equal to that of the water employed. 

The experiment made at Paris, in the prefence of a 
numerous commiffion of the Academy, appears to me to 
leave no further doubt concerning the decompofition of 
water. ' 

A gun-barrel was taken, into which a quantity of 
thick iron wire, flattened by hammering, was introduced. 
The iron and the gun-barrel were weighed : the gun-bar- 
rel was then covered with a lute proper to defend it from 
the contaft of the air; it was afterwards placed in a fur- 
nace, and inclined in fuch a manner as that water might 
run through it. At its mod elevated extremity was fc 
a funnel defigned to contain water, and to let it pals 
drop by drop by means of a cock: this funnel was clofed, 
to avoid all evaporation of the water. At the other 
extremity of the gun-barrel was placed a tubulated 
receiver, intended to receive the water which might 
pafs without decompofition ; and to the tubulure 
of the receiver the pneumato-chemical apparatus was 
adapted. For greater precaution, a vacuum was made 
in the whole apparatus before the operation begani 
Laftly, as foon as the gun-barrel was red-liot, the Water 
was introduced drop by drop. Much hydrogenous gas 
was obtained: and at the end of the experiment the gun- 
barrel was found to have acquired weight; and tlie fiat 
pieces of iron included within were converted into a ftra- 
tum of black oxide of iron, or Ethiops martial, cryftal- 
lized 'ike the iron ore of the ifland of Elba. It was afcer- 
tained that the iron was in the fame (late as that which is 
burned in oxigenous gas; and the increafed weight of the 
> added to that of the hydrogene, was accurately 
t qjlal to that of the water employed, 

T 
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The hydrogenous gas obtained was burned with a 
quantity of vital air equal to that which had been retained 
by the iron, and the fix ounces of water were recompofed. 

3. Meffrs. Lavoifier and De la Place, by burning in 
a proper apparatus a mixture of fourteen parts of hydro- 
genous gas, and eight) -fix of oxigene, obtained a propor. 
tionate quantity of water. Mr. Monge obtained the fame 
refult at Mezieres, at the fame time. 

The mod conclufive and the mod authentic experiment 
which was made upon the composition or fynthefis of 
water, is that which was begun on the 23d of May, and 
ended on the 7th of June, 1788, at the Royal College, 
by Mr. Lefevre de Gineau. 

The volume ofoxigenousgas confirmed, when reduced 
to the preffure of twenty-eight inches of mercury, at the 
temperature of ten degrees of the thermometer of Reau- 
mur, was 35085 (French) cubic inches, and its weight 
2.50 gros 10,5 grains. 

The volume of hydrogenous gas was 74967,4 cubic 
inches, and the weight 66 gros 4,3 grains. 

The nitrogenous gas and the carbonic acid which were 
mixed with thefe gafes, and which had been extracted 
out of the receiver at nine feveral times, weighed 39,23 
grains. 

The oxigenous gas contained ^\ of its weight of carbo- 
nic acid; fo that the weight of thefe gafes burned was 280 
gros 63,8 grains which makes 2 pounds 3 ounces o gros 
63,8 grains. 

The veffels were opened in the prefence of the gentle- 
men of the Academy of Sciences, and feveral other 
learned men, and were found to contain 2 pound 3 
ounces o gros 33 grains of water: this weight an fwers to 
that of the gafes made ufe of, wanting 31 grains; this 
deficiency may arife from the caloric which held the gafes 
in folution being difGpated when they became fixed, 
which mutt neceflarily have occafioned a lofs. 

The water was fubacid to the tafle, and afforded l)% 
grains of nitric acid, which acid is produced by the com- 
bination of the nitrogene and oxigene gafes. 
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From the experiment of the decompofition of water, 
s 00 parts of this fluid contained 

Oxigene 84,2636 — 84J. 

Hydrogene _ 15,7364 = 1 Sh 
According to the experiment of its compofition, 1 00 parts 
of water contained 

Oxigene 84,8 — 84^. 

Hydrogene 15,2 rr 151. 
Independent of thefe experiments of analyfis and fyn- 
thefis, the phenomena exhibited by water, in its feveral 
ftates, confirm our ideas with regard to the condiment 
parts which we acknowledge it to poiTefs. The oxidation 
of metals in the interior parts of the earth, at a diftatice 
from the atmofpherical air, the efHorefcence of pyrites, 
and the formation of ochres, are phenomena which can- 
not be explained without the afliilance of this theory. 

Water being compofed of two known principles, mull 
act like all other compound bodies which we know; that 
is, according to the affinities of its conflituent parts. It 
mud therefore in fome instances yield its hydrogene, and 
in others its oxigene. 

If it be placed in contact with bodies which have the 
ftrongeft affinity with oxigene, fuch as the metals, oils, 
charcoal, &x. the oxigenous principle will unite with 
thefe fubflances; and the hydrogene, being fet at liberty 
will be diffipated. This happens when hydrogene gas is 
difengaged, by caufing the acids to aft upon certain 
metals; or when red-hot iron is plunged in water, as 
Meffrs. HafTenfratz, Stoulfz, and D'Hellancourt have 
obferved. 

In vegetables, on the contrary, it feems that the 
hydrogene is the principle which fixes itfelf; while the 
oxigene is eafily difengaged, and makes its efcape, 
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SECTION VIII. 



Concerning the Combinations of Nitrogene Gas. _ I. With Hydro- 
gene Gas. 2. With the Earthy principles forming the Alkalis. 



T appears to be proved, that the combina. 
tion of nitrogene gas with hydrogene forms one of the 
fubftances comprifed in the clafs of alkalis. It is very 
probable that the others are compofed of this fame gas 
and an earthy bafis. It is from thefe confiderations that 
we have thought proper to place thofe fubftances here: 
and we have adopted that decifion with fo much the more 
foundation, becaufe the knowledge of alkalis is indifpen- 
fably neceflary to enable us to proceed with order in a 
courfe of chemiftry ; and becaufe thefe re-agents are moll 
frequently employed, and their combinations and ufespre- 
ient thernfelves at every ftep in the phenomena of nature 
and art. 

Jt is an eftablifhed convention to call every fubftance 
an Alkali, which is characterifed by the following pro- 
perties : 

A. An acrid, burning, urinous tafte, 

B. The property of converting fyrup of violets green; 
but not the tincture of turnfole, as certain authors arr- 
nounce. 

C. The virtue of forming glafs, when fufed \v;th 
quartzofe fubftances. 

D. The faculty of rendering oils mifcible with water; 
cf efTervefcing with certain acids ; and of forming neutral 
falts with all of them. 

I muft obferve that none of thefe characters is rigorous 
and exclufive ; and that confequently no one of them is. 
fufficient to afford a certainty of theexiftence of an alkali: 
but the re-union of feveral form, by their concurrence, 
a mafs of proofs or indications, which lead us to fufficient 
evidence. 
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The alkalis are divided into fixed alkalis, and volatile 
alkalis. This diftin&ion is eftablifhed upon the fmell of 
thefe fubflances : the former are not volatilized, even in 
the focus of the burning mirror, and emit no characleriftic 
fmell ; whereas the latter are eafily reduced into vapour, 
and emit a very penetrating odour. 



CHAPTER. I, 

Concerning Fixed Alkalis. 



JN O more than two kinds of fixed alkalis have 
hitherto been difcovered : the one which is called Vege- 
table Alkali, or Pot-Afh 5 the other Mineral Alkali, or 
Soda. 

ARTICLE I. 

Concerning the Vegetable Alkali, or Pot-Afh. 

This alkali may be extracted from various fubflances ; 
and it is more or lefs pure, accordingly as it is afforded by 
one fubftance or another. Several varieties are made in 
commerce, to which different names have been affixed, 
and which are indifpenfably neceffary to be known. The 
chemifl may indeed confound all rhefe diftinctions, in his 
writings, under one fingle denomination : but the diftinc- 
tions eftablifhed by the artifts are founded upon a feries 
of experiments, which have proved that the virtues of thefe 
fevcral alkalis are very different]; and this conftant variety 
in their effects appears to me to juftify the various deno- 
minations aiBgned them. 

1. The alkali extracted from the lixivium of wood- 
afhes, is known by the name of Salin. Thtfalin calcined, 
and by this means difengaged from all the blackening 
principles, forms pot-afh. 
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The allies are more or lefs rich in alkali, according to 
the nature of the wood which affords them ; in general, 
hard woods contain the moll. The allies of beech afford 
from ii to 131b. per quintal, according to the experi. 
ments which I have made in the large way, at St. Saveur; 
thofe of box afforded from 1 2 to 141b. The tables drawn 
up by the feveral adminiftrators of the gunpowder and 
faltpetre manufactories may be confuited, refpec"ting the 
quantity of alkali afforded by the combuftion of feveral 
plants : they ufed 4ooolb. of each in their various expc. 
riments. 

To extract this alkali, nothing more is necefTary than 
to walli tne allies, and to concentrate the diffoluticn in 
boilers of call: iron. It is on account of the alkali that 
wood-allies are employed in the lixiviums ufed by laun- 
dreffes or bleachers. The ufe of alkali, in this cafe, is to 
combine with the fat fubftances, and to render them folu. 
ble in water. 

Almoft all the pot-aili fold in commerce for the ufe of 
our glafs-houfes, our foap-makers, our bleaching-grounds, 
&c. is fabricated in the north, where the abundance of 
wood admits of its being applied to this fingle purpofe. 
We might eftablifh works of this kind to fufficient advan- 
tage in the forefts of our kingdom. But there is more 
to be done than is generally fuppofed, before the inhabi- 
tants of the mountains can be turned towards this fpecies 
of induftry. I have experienced this difficulty in the 
attempts and very confiderable facrifices which I have 
made, to fecure this refource in the neighbourhood of 
Laigoual and Lefperou. The accurate calculations which 
I have made, have neverthelefs proved that the pot-aft 
would coil: only from 15 to 17 livrcs the quintal, whereas 
we purchafe that from the north at 30 or 40 livres. 

2. The lees of wine is almoft totally converted into 
alkali by combuftion. This alkali is called Cendres Cm- 
velees: it has almoft always a greeniili colour. This alkali 
is coniidered as very pure. 

3. The combuftion of tartar of wine likewife affords an 
alkali of confiderable purity. It is ufually burned wrap- 
ped up in paper, in fmall packets, which are dipped ijj 
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water, and afterwards expofed upon burning coals. In 
order to purify it, the refidue of the combuttion is dif- 
folved in water, the folution concentrated by fire, the 
foreign falts feparated in proportion as they precipitate ; 
and a very pure alkali is at lafl obtained, which is known 
by the name of Salt of Tartar. 

To procure fait of tartar more fpeedily, as well as more 
economically, I burn a mixture of equal parts of nitrate 
of pot-afh, or common nitre and tartar. The refidue, 
after lixiviation, affords a beautiful fait of tartar. 

Salt of tartar is the alkali mod commonly employed in 
medical ufes ; it is given in the dofe of feveral grains. 

4. If faltpetre be fufed upon charcoal, the acid is decom- 
pofed and diflipated, while the alkali remains alone and 
difengaged : this is called Extemporaneous Alkali. 

When the vegetable alkali has been brought to the 
greater! ftate of purity, it attracts the humidity of the air, 
and is refolved into a liquor. In this (late it is known by 
the very improper name of Oil of Tartar per Deliquium. 

ARTICLE II. 

Concerning the Mineral Alkali, or Soda. 

The Mineral Alkali has been fo called, becaufe it'forms 
the bafis of marine fait. 

It is obtained from marine plants by combuftion : for 
this purpofe heaps of the faline plants are formed ; and 
at the fide of thefe heaps a round cavity is dug, which h 
enlarged towards the bottom, and is three or four feet in 
depth : this is the fire-place in which the^ vegetables are 
burned. The combufHon is kept up without interruption 
for feveral days ; and when all the plants are confumed, 
a mafs of alkaline fait is found remaining, which is cut 
into pieces, to facilitate its carriage and fale. This is 
known by the name of Rock Soda or Soda. 

All marine plants do not afford focla of the fame 
quality. The barilla of Spain affords the beautiful foda, 
of Alicant. I am affined that we might cultivate it 
upon our coafls in the Mediterranean, with the gr&tef} 
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fUccefsi This culture is highly interefting to the an? 
and commerce ; and government ought to encourage thi^ 
new fpecies of induftry. But an individual, however 
inclined or devoted to the public good, might make, 
vain efforts to appropriate this ^commerce to our advan- 
tage, if he were not powerfully affifted by government ; 
becaufe the Spaniih miniftry has prohibited the exporta- 
tion of the feed of barilla, under the ftrongeft penahi 
In Languedoc, and in Provence, we cultivate on the' 
banks of our ponds a plant known by the name of Salicdr* 
which affords foda of a good quality j but the plants 
which grow without cultivation produce an inferior fort. 
I have made an accurate analyils of each fpecies, the 
refults of which may be feen at the article Verrerie of the* 
Encyclopedie Methodique. 

The mineral alkali is cleared of all heterogeneous falts' 
by diflblving it in water, and feparating the feveral falts"* 
in proportion as they fall down. The lafl portion of the. 
fluid being concentrated affords the foda, which cryftal-" 
lizes in rhomboidal octahedrons. 

The mineral alkali is fometimes found in a native fhte: \ 
in Egypt it is known by the name of Natron. The two' 
lakes of Natron defcribed by Sicard and Mr. Volney, are 
fituated in the defert of Chaiat, or St. Macaire, to the. 
weft of Delta. Their bed is a natural cavity of three or 
four leagues in length, and a quarter of a league in 
breadth 'j the bottom is folid and (tony. It is dry 
during nine months in the year ; but in winter a water 
of a violet-red colour oozes out of the earth, which fills 
the lake to fwe or fix feet in depth : the return of the 
heat of fummer evaporates this, and leaves a bed of lalt 
behind it of two feet in thicknefs, which is dug out with 
bars of iron. The quantity obtained annually amounts 
to 36,000 quintals. 

Mr. Proufl found natron upon the fchifti which form 
the foundation of the town of Angers ; the fame chemift ' 
likewife found it upon a ftone from the falpetriere of 
Paris. 

The mineral alkali differs from the vegetable; becaufe ' 
— 1. It is lefs cauftic. 2. It is fo far from attracting 
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humidify, that it efflorefces in the air. 3. It cryftallizes 
in rhomboidal octahedrons. 4. It forms different pro- 
ducts with the fame bafes. 5. It is more proper for 
•vitrification. 

Do the alkalis exifl ready formed in vegetables, or are 
they the prod aft of the feveral operations made ufe of in 
extracting them ? — This queflion has divided the opinions 
of chemifts. Da Hamel and Groffe proved, in 17325 
the exiftence of alkali in cream of tartar, by treating it 
with the nitric, fulphuric 4 and other acids. Margraff 
has given additional proofs of this, in a Memoir which 
forms the twenty-fifth of his collection. Rouelle read a 
Memoir to the academy on the 14th of June, 1769, 
upon the fame fubject : he even affirms that he was 
acquainted with this truth before the work of MargrafF 
appeared. — See the Journal De Phyfique, vol. i. 

"Rouelle, and the marquis De Bullion, proved that 
tartar exifts in mu.it. 

It mud not be concluded from the exiftence of an alkali 
in vegetables, that this fait is there found in a difengaged 
ddte. On the contrary, it is found combined with acids, 
oils, occ. 

The alkalis, fuch as we have defcribed them, even after 
they have been difengaged from every mixture, by fclu- 
tion, filtration, and evaporation, are not neverthelefs in 
that (late of purity and difengagement, which is neceifary 
to be obtained in many cafes : they are nearly in the ftate 
of neutral falts, by their combination with the carbonic 
acid. When it is required to difengage this acid, the 
alkali mud be diiTolved in water, and quick lime then 
flacked in the folution. This fubftance feizes the car- 
bonic acid of the alkali, and gives out its caloric in 
exchange. We (hall fpeak of the circumftances of this 
operation when we ihu.ll have occafion to treat of lime. 
The alkali being deprived of the carbonic acid, no longer 
effervefces with other acids ; it is more cauilic, and more 
violent in its action ; unites more eafily to oils ; and is 
ihen c-.lled Cauilic Alkali, Pure Pot-a(h, or Pure Soda. 

When this alkali is evaporated, and brought into the 
dry form, it is known by the name of Lapis Cauilicus, 

V 



Liver of Sulphur. 

The corrosive virtue of this fubftance'depends principally 
upon the avidity with which it feizcs humidity, and falls 
deliquium. 

The cauftic alkali, as it is ufually prepared, always 
contains a oaritity of carbonic acid, filiccous earth, 

iron, lime, &c. Mr. Berthollet has propofed the fol- 
lowing means of purifying it : — He concentrates the 
cauftic lixivium until it has acquired a flight degree of 
confidence ; at which period he mixes it with alcohol, 
and draws off a portion by diflillation. As foon as the 
retort is become cold, he finds it to contain cryfhils, 
mixed with a blackifh earth, in a final's quantity of liquor 
of a dark colour, which is feparated from the folutionof 
alkali, in the alcohol, which fwims above like an oil. 
Thefe cryfcals confifl: of the alkali faturated with the 
carbonic acid, and are infoluble in fpirit of wine ; the 
■depofition confifts of filiceous earth, lime, iron, &c. 

The cauftic alkali in a (late of great purity, difTolved 
in the alcohol, fwims above the aqueous folution which 
contains the ei ent alkali. If the fpiritous folution 

of alkali be concentrated on the fand-bath, tranfparent 
cryftals are formed, which eonfift of the pure alkali itfelf: 
fcliefe crylials appear to be formed by quadrangular pyra- 
mids inferted one in another; they are very deiiquelcent, 
are foiuble in water and in alcohol, and produce cold 
by their folution.— See the Journal de Phyfique, 1786, 
page 401. 

The alkalis we have juft fpoken of, combine eafily 
with fulphur. 

This combination may be effected — 1. By the fufiofl 
of equal parts of alkali and fulphur. 2. By digefting 
the pure and liquid alkali upon fulphur. — In thefe cafes 
the alkali becomes of a reddiih yellow-colour. 

The folutions of fulphur in alkali arc known by thS 
name of Livers of Sulphur, Sulphures of Alkali, Sec, 
They emit an offenfive fmell, refembling that of rotten 
eggs. This is occafioned by the efcape of the ftinkiffg 
gas, called Hepatic Gas. 

The fulphur may be precipitated by acids ; and the 
refult of this precipitation is what the ancient chemijl 



Conipo/ition of Alkali. 105 

diftinguimed by the name of Milk of Sulphur, and 
Magiftery of Sulphur. 

Theie fulphures or hepars diffolve metals. Gold itfe$ 
may be fo divided by this means as to pafs through filters, 
Stahl has fuppofed that Mofes made ufe of this method to 
enable the Ifraelites to drink the golden calf. 

Though the analyfis of the two alkalis has not been 
made with (triclnefs, feveral experiments lead us to believe 
that nitrogene is one of their principles. Mr. Thouvenel, 
having expofed warned chalk to the exhalations of animal 
fubftances in putrefaction, obtained nitrate of pot-am, or 
common nitre. I have repeated this experiment in a 
clofed chamber of fix feet fquare. Twenty-five pounds 
of chalk well wafhed in warm water, and expofed to the 
exhalation of bullock's blood in putrefaction during eleven 
months, afforded nine ounces of nitrate of lime, in a 
dried (late ; and three ounces one gros of cryftals of 
nitrate of pot-afh, or common nitre. 

The repeated diftillation of foaps decompofes them, 
and affords ammoniac. Now the analyfis of this .laft, by 
Mr. Berthollet, proves the exiitepce of nitrogenous 
as one of its confti'tuent ports. There is therefore room 
to apprehend that nitrogene gas is one of the principles 
of alkalis. 

The experiments of Mr. Thouvenel, as well as my 
own, lead to believe that this gas when combined with 
lime, forms pot-am, or the vegetable alkali ; while its 
union with magnefia forms foda. This lait opinion is 
fupported by the experiments — 1. Of Dehne, who ob- 
tained magnefia from foda flee CrelFs Chemical Annals, 
1 78 1, page 53). 2. Of Mr. Deyeux, who obtained 
-fimilar remits, even before Mr. Dehne. 3. Of Mr. 
Lorgna, who obtained much magnefia by diffolving, 
evaporating, and calcining foda repeatedly (Journal d 
Phyfique, 1787). Mr. Qiburgh confirmed thefe various 
experiments in 1785. 
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CHAPTER II. 

Concerning Ammoniac, of the Volatile Alkali* 

vJ'UR reiearclies have not hitherto exhibited 
more than one fpecies of volatile alkali. Its formation 
appears to be owing to putrefa&ion ; and though the dif, 
till'ation of fome fchilli affords it, yet this circumftance 
maybe attributed to their origin, which is pretty gene- 
rally afcribed to vegetable and animal decompofition. We 
find frequently enough, in thefe fubftances, the print of 
fifties, which is in favour of this opinion. Some plants 
likewife afford volatile alkali ; for which reafon they have 
been called Animal Plants. But the volatile alkali is 
more efpecially afforded by animal fubftances : the de- 
lation of all their parts affords it in confiderab'e abun- 
dance. Horns are employed in preference, becaufe they 
are refolved almoft: entirely into oil and volatile alkali. 
The putrefaction of all animal fubftances produces volatile 
alkali ; and in this cafe, as well as in diftiltation, it is 
formed by the combination of its two conftituent parts: 
for the analyfis very often fails in exhibiting any alkali 
ready formed, in fjch parts as diftillation or putrefaction 
"would abundantly afford it from. 

Almoft: all the volatile alkali made ufe of in commerce 
or medicine, is afforded by the decompofition of fa.1 
ammoniac. It is even on account of this circumdance, 
that the chemifts who have drawn up the New Nomen- 
clature, have diftinguifhed the volatile alkali by the 
name of Ammoniac. 

To obtain ammoniac in a flate of conftderable purity, 
equal parts of fifted quick-lime and muriate of .ammoniac, 
or common fal ammoniac in powder, are mixed. This 
mixture is then introduced into a retort, to which a 
receiver and the apparatus of Wculfe have been adapted. 
A quantity of pure water is to-be put into the boitlffc 
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correfpondent to the weight of the fait employed ; and 
the junctures of the veffels are made good with the uiuai 
lutes. The ammoniac is diiengaged in the ftate of gas, 
at the firft impreiuon of the fire: It combines with the 
water with heat j and when the water of the firft bottle 
is faturated, the gas pailes to that of the fecond, and 
Saturates it in its turn. 

Volatile alkali is known by its very ftrong but net difa- 
grceable fmell. It is cafily reducible into the {late of gas, 
and preferves this form at the temperature of the atmo- 
fphere. This gas may be obtained by decompofing the 
muriate of ammoniac by quick-lime, and receiving the 
the product over mercury. 

Alkaline Eras kills animals, and corrodes the fkin. 
The irritation is fuch, that I have feen pimples arife all 

• over the bodies of forne birds expofed to its atmofphere. 
This gas is improper for covnbuftion; but if a taper be 

: gently immerfed in it, the name is enlarged before it goes 
out, and the gas fuffersa decomposition. Alkaline gas is 
lighter than atmofpheric air; and has even, been men- 
tioned, on account of its lightnefs, as a proper fubftance 
to fill balloons. The count De Miily propofed to place a 
brazier, or velTel containing lire, under the balloon, to 
keep the gas in its greatefl ftate of expanfibility. 

The experiments of Dr. Prieftley, who changed alka- 
line gas into hydrogene gas by means of the electric 
• fpark; thofe of the chevalier Laudriani, who, by pairing 
ihe fame gas through ignited glafs tubes, obtained a large 
quantity of hydrogenous gas — occaficned a fufpicion of 
the exiftence of hydrogene among the principles of alkaline 
. Eut the experiments of Mr. Berthcllet have re- 
moved all doubts on this fubiect; and all observations 
appear to unite in authorising us to confider this alkali as 
a compound of the nitrogenous and hydrogenous gafes. . 
1. If the oxigenated muriatic acid be mixed with very 
pure ammoniac, an eiTervefcence takes place, with a 
difengagement of nitrogenous gas, a production of water, 
and a converfion of the oxigenated acid into the ordinary 
muriatic acid. In this beautiful experiment, the water 
jffhjch is produced is formed by the combination of the 



leg Volatile Alkali. 

bydrogene of the alkali and the oxigene of the acid; 
and the nitrogene gas being let at liberty, is diflipated. 

i. When the nitrate of ammoniac is expofed to diftil- 
htion, nitrogene gas is obtained, and a greater quantity 
of water is found in the receiver than the fait itfelf cor., 
tained. After the operation, the ammoniac is found no 
longer to exift. The water of the receiver is fiightly 
charged with a fmall quantity of nitric acid, which had 
parted over. In this cafe, the bydrogene of the alkali, 
and the oxigene of the acid, from the water in the 
receiver, while the nitrogenous gas efcapes, 

e oxides of copper or gold be heated with anuno- 
niacal gas, the product is water and nitrogenous gas, and 
the metals are reduced. 

I have obferved that the oxides of arfenic, being 
digefted with ammoniac, are reduced, and often form 
octahedral cryftals of arfenic. In this cafe there is a 
diiengagement of nitrogene gas, and a formation of 
water. 

It very often happens when metals, fuch as copper or 
tin, are difiblved by means of the nitric acid,- that an 
abforption of air takes place, inilead of a difcngagemenC 
of nitrous gas, as might be expected; I have feen leverai 
perfons very much ernbarrafTed in fuch cafes, and I have 

in been fo myfelf. This phenomenon takes place more 
especially when a very concentrated acid is made ufe cf, 
and the copper is in fine filings: in tl ■ is 

produced. I have this fad to my auditors long be! 

I was acquainted h tl i theory of its formation. That 
whicl ts exiftence, was the blue col 

ammoniac is 

produced by the combination cf the bydrogene of the 

water with tl i of the nitric acid; while the 

id, and that of the water, oxided 

the metal, and prepared it forfolution. It is to a fimiktr 

' i . ,- the experiment of Mr. John 

of Colmar, who by palling niti 

i ci quantity of percipitare of iron, ia 

the mercurial ; rved that this gas was. 

fpeedily abforbed, and the colour of the iron change^ 
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at the fame time that vapour of ammoniac was found in 
the veffels. It is by a iimikir theory we may account for 
the formation of alkaline gas, by the mixture of hepatic 
gas and nitrous gas over mercury, as Mr. Kir. 
rve3. 

Mr. Auftin formed ammoniac; but he obferved that 
the combination of nitrogenous gas with the bafe of 
hydrogene does not take place unlefs this lad is in a flaie 
of great con J en (lit ion. 

. The formation of ammoniac by difrillation and putre- 
faction, appears to me Jikewife to indicate its con ft it tier, c 
parts. In fail, there is in both thefe operations a difen- 
gagement of hydrogene andnitrogene gas, and their com- 
bination produces ammoniac. 

Mr. Bertholiet has proved, by the way of decompo- 
fition, that one thoufand parts of ammoniac, by weight, 
are compofed of about eight hundred and feVen of nitro- 
gene gas, and ode hundred and ninety-three of hydro- 
gene gas.— See the collection of the Royal Academy, 
1784, page 316. 

According ro Dr. Auftin, the nitrogene gas is in pro- 
portion to the hydrogene, as one hundred and twenty- 
one to thirty-two. 



SECTION IX. 
Concerning the ( .;n of Oxigene with certain Bafe 



.T appears to be out of doubt, that the 
bodies which we are agreed to call Acids, are comb' 
tions of vital Air with a certain elementary fubfrance. 
The analysis Is, whofe compo:' 

part: a pofitive n 

7 that the deno- 
I to vital air. 



TIC General Properties of Acids. 

Every fubftance which pDflefles the following proper- 
ties is called an Acid : 

A. The word four, Which is ufually employed to 
denote the impreffion or lively and fliarp fenfation pro* 
duced on the tongue by certain bodies, may be regarded 
as fynonimous to the word acid. The only difference 
which may be eicablimed between them is, that the one 
denotes a weak fenfation, whereas the other comprehends 
all the degrees of force from the lead perceptible tafte to 
the greateft degree of caufticity. We fay, for example, 
that verjuice, goofeberries, or lemons, are four', but we 
ufe the word acid to cxprefs the impreffion which the 
nitric, fulphuric, or muriatic acids make upon rhe tongue. 

The caufticity of acids appears to arife from their ftrong 
tendency to combination; and it is from this property 
that the immortal Newton has defined them to be bodies! 
which attraft and are attracted. 

It is likewife from this property that certain chemifH 
have fuppofed acids to be pointed bodies. 

On account likewife of this decided tendency to com- 
bination which acids poffefs, it feldom happens that ws 
find them in a difengaged ftate. 

B. A fecond property of acids is that of changing cer». 
tain blue vegetable colours into red, fuch as the colour of 
turnfole, fyrup of violets, &c. Tliefe two re-agents are 
commonly ufed to afcertain the prefence of acids. 

The tincture of turnfole is prepared by lightly infufiOf 
in water that fubflance which is known in common under 
the name of Turnfole or Litmus. If the water be too highly 
charged with the colouring matter, the infufion has a 
violet tinge, and muft in that cafe be diluted with water 
until it becomes blue. The tincture of turnfole, when 
expofed to the fun, becomes red, even in clofed vefTels; 
and fome time afterwards the colouring part is difengaged, 
and falls down in the form of a mucilaginous difcolou'red 
fubflance. Alcohol may be ufed iniiead of water in the 
preparation of this tincture. 

It is generally fuppofed that the turnfole fabricated in 
Holland is nothing more than the colouring matter 
extracted from the rags or cloths of turnfole of G/and- 
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Galargues, and precipitated upon a marly earth. "Thefe 
rags are prepared by impregnating them with the juice of 
nightlhade (morelle), and expafing them to the vapour of 
urine, which develops their blue colour. The rags are 
fent into Holland, which has given rife to the opinion that 
they are u fed in the fabrication of turnfole; butfubfequent 
enquiries have taught me that thefe cloths are fent to the; 
dealers in cheefe, who extraffc a colour by infufion, and 
wafh their cheefes with it, to give them a red colour. I 
em convinced, by the analyfis of turnfole, that the colour- 
ing matter is of the fame nature as that of archil (orfeiiie): 
and that this principle is fixed on a calcareous earth, and 
a fmall quantity of pot-am. In confequence of this- 
anaiyii:, I have endeavoured to caufe the liken pareHus of 
Auvergne to ferment with urine, lime, and alkali; attd 
I obtained a paile fimilar to that of tnrnfok. The addi- 
tion of alkali appears to me to be necefury to prevent the 
development of die red colour, which when combined 
with the blue, forms the violet of the archil. 

When any concentrated acid is to be tried with fyrtip 
of violets, there are two particulars to be attended to. 
i. The fyrup of violets is often green, becaufe the petafc 
»f the violet contains a yellow part at its bafe, which, 
when combined with the blue, forms this green colour: 
it i* therefore eflential to employ only the blue of the 
petal in order to have a beautiful blue infufion. 2. Care 
mud be taken to dilute the fyrup with a certain quantity 
of water; becaufe otherwife concentrated acids, fuch as 
the fulphuric, would burn it, and form a coal. 

The iimple infufion of violets may be ufed inftead of the; 
fyrup. 

The colouring matter of indigo is not fenfible to the 
impreilion of acids. The fulpburic acid diifolves it, with- 
out altering the colour. 

- C. A third character of acids is, that they effervefce 

..ails; but this property is not generate i. Becaufe 

the carbonic acid, and almoft a!! weak acids, cannot be 

ifhed by this property. 2. Becaufe the p ■ 

bine with acids, without motion ;rvef- 

, 
X 
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Is there not one fingle acid in nature, of which tie 
others may be only modifications? 

Paracelfus admitted an umverfel principle of acidity; 
which communicated tafte and folubility to all its com- 
pounds. 

Becher believed that this principle was compofed of 
water and vitrifiable earth. Stahl endeavoured to prove 
that the fulphuric acid was the univerfal acid; and h:. 
opinion was adopted by mod chemifts for along time. 

Long after the time of Stahl, Meyer maintained that 
the acid element was contained in fire. This fyftera, 
which is founded on certain known facts, has had its fup- 
porters. 

The chevalier Landriani imagined he had fucceeded in 
reducing all the acids to the carbonic acid; becaufe, by 
treating them all with different fubdances, he obtained 
this lad as the conflant remit of his analyils. He was led 
into an error, for want of having fufficiently attended to 
the decompofition of the acids he made ufe of, and the 
combination of their oxigene with the carbone of the 
bodies which entered into his experiments, and produced 
the carbonic acid. 

Ladly, the drift analyfis and fynthefis of mod of the 
known acids, have proved to Mr. Lavoifier that oxigene 
is the bafe of all of them; and that their differences and 
varieties arife only from the fubftance with which this 
common principle is combined. 

Oxigene united with metals forms oxides; and among 
thefe lad there are ibme which poffefs acid characters, 
and are claffed amongft acid fubftances. 

Oxigene combined with inflammable fubftances, fuch 
as fulphur, carbone, and oils, forms other acids. 

The action of acids upon bodies in general cannot be 
underftood but by founding our explanations upon the 
data which we have edablifhed reflecting the nature of 
their condiment parts. 

The adhefion of oxigene to the bafe is more or lefs 
drong in the feveral acids, and cofifequently their decom- 
pofition is more or lefs eafy; as, for example, in metallic' 
Solutions, which do not take place excepting when 
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metal is in the date of an oxide. The acid which will 
yield its oxigene with the greated facility to oxide the- 
metal, will have the mod powerful action upon it. Hence 
it happens, that the nitric and the nitro-muriatic adds are 
thofe which diilblve metals the mod readily; and hence 
likewife it happens that the muriatic acid diiiblves the 
oxides more eafily than the metals, while the nitric acid 
a£h contrariwife: hence alfo it arifes that this lad acts fo 
powerfully upon oils, &c. 

It is impoflible to conceive and explain the various 
phenomena prefented to us by acids in their operations, 
if we have no idea of their conftituent principles. Stahl 
would not have believed in the formation of fulphur, if 
he had underdood the decompofition of the fulphuric acid 
vjpon charcoal; and if we except the combinations of acids 
with alkalis, and with certain earths, thefe fubdances are 
either totally or partially decompofed in all the operations 
made with them upon metals, vegetables, and animals, 
as we fhall find by obferving the feveral phenomena exhi- 
bited in thefe cafes refpe&ively. 

We fhall at prefent treat only of fome of the acids, and* 
mall direct our attention to the others in proportion as we 
fhall have occafion to treat of the various fubdances which 
afford them: we lhall attend in preference to thofe which 
are the bed known, and which have the greated influence 
in the operations of nature, as well as in thofe of cu? 
laboratories. 



CHAPTER I. 

Concerning the Carbonic Acid. 

1 HIS acid is almod always obferved in the date 
of gas. We find that the ancients were in fome meafure 
acquainted with it. Van Helmont called it Gas Silvedre, 



General Properties and 

gag of nvaft, or of the vintage. _ Bccher himfelf had 
a confiderably accurate notion of it, as appears by the 
following paffage: " DiUinguitur auteni inter fermenta. 
" tionem apertam ct claufam ; in aperta potus ferrnentatus 
" fanior eft, fed fortior in claufa : caufa eft, quod evapo- 
6C rantia rarefaftacorpufcula, imprimis magnafadhue filvef- 
" triuin fpiritunm copia, de quibus antea egimus, reti- 
" neatur, e't in ipfam potum fe precipitet, unde V2 
" eum fortem reddit." 

Hoffmann attributed the virtue of mod: mineral waters 
to an claftic fpirit contained in them. 

Mr. Vene), a celebrated profeflcrf in the fchoch at 
Montpellier, proved in i*j $c\, that the waters of Seltzer 
owed their virtue to a fuperabundant portion of air. 

In 1755, Dr. Black of Edinburgh advanced that lime- 
flone contains much air of a different nature from common 
air. He 'affirmed that the d tit of this air con- 

verted it into lime, and that by the reftoratipn of tlasair 
calcareous (lone was regenerated. In the year 1746, Dr. 
IvI'Bride fupported this doctrine with new facts. Mr. 
Jacquin,-profeifor of Vienna, refnmed the fame puifuit, 
multiplied experiments on the manner er e g^bia 

air, and added other proofs in confirmation that the alienee 
of the air reridered alkalis cauftic, and formed lime. Dr. 
Prieftley exhibited all the -perfph :i 'v and precifion en I 
fubjecl: which might be expected i:oiu his abilities, 
his fkill in making experiments of this kind. This fub- 
flance was then known by the name of Fixed Air. In 
1772, Bergmann proved that it is an acid, which he called 
by the name of Aerial Acid. Since the time of this cele- 
brated chemiir, it has been diftinguimed by the names of 
Mephitic acid, Cretaceous acid, &c. : and as fooriasit 
was proved to confifl of a combination of oxigene and 
carbone, or pure charcoal, the name of Carbonic acid 
appropriated to it. 

The carbonic acid is found in three different ftates. 
1. In that of gas. 2. In a (late of mixture. 3. In a (late 
of combination. 

It is found in the date of gas at the Grotto del Cano, 
near Naples j at the well of Perols, near 3 llicrf 
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in that of Negrae in Vivarais ; upon the furface of the 
Lake Averno in Italy, and on thofe of feveral fprings ; in 
various fubterraneous places, fuch as tombs, cellars, necef- 
faries, &c. It is difengaged in this form by the decom- 
poiition of vegetables heaped together, by the fermen- 
tation of wine or beer, by the putrefaction of animal mat- 
ters, &c. 

It ©sifts in the ftate of fimple mixture in mineral waters, 
fmce in thefe it poiTeffes all its acid properties. 

It exiils in a Hate of combination in Hone, common 
niagnefia, alkalis, &c. 

Various proceffes are employed to collect it, according 
to the (late in which it is found. 

1. When the carbonic acid exiits in the Hate of gas, 
it may be collected — i. By filling a bottle with water, 
and emptying it into the atmofphere of this gas : the acid 
takes the place of the water, and the bottle is afterwards 
corked to retain it. 2. By expofmg lime-water, cauflic 
alkalis, or even pure water, in its atmofphere : the 
gafeous acid mixes or combines with thefe fubftances ; 
and may be afterwards extracted by re- agents, which we 
fhall proceed to defcribe. 

II. When the carbonic acid exifts in a ftate cf combi- 
nation, it may be extracted-— 1 . By diftillation with a 
ftrong heat. 2. By the re-action of other acids, fuch as 
the fulphurie acid, which has the advantage of not 
being volatile, and confequently is not altered by its 
mixture with the cabonic acid which is difengaged. 

III. When the carbonic acid exifts in the ftate of 
fimple mixture, as in water, briilc wines, &c. it may be 
obtained — 1. By agitation of the liquid which contains 
it ; as Mr. Venel pracrifed, by making uie of a bottle to 
which he adapted a taoiftened bladder. 

2. By diftiliaticn of the lame fluid.— Thefe two firf: 
■methods are not accurate. 

3. The procefs indicated by Mr. Gioanetti, confifts in 
precipitating the carbonic acid by means of lime-water, 

ighing the precipitate, and deducting thirteen thirty- 
fecond parts for the proportion of carbonic acid ; it having 
been deduced from aaalyfis, by this celebrated phyfician, 
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that thirty-two parts of carbonate of lime contain feven. 
teen lime, two water, and thirteen acid. 

This fubftance is an acid, as is proved — i. Becaufe 
tincture of turnfole, agitated in a bottle filled with this 
gas, becomes red. 2. Amnionic, or volatile alkali, 
poured into a veffel filled with this gas, is neutralized. 

3. Water impregnated with this gas is ftrongly fub-acid, 

4. It neutralizes alkalis, and caufes them to cryftalize. 
It remains at prefent to examine the properties of this 

acid gas. 

A. It is unfit for refpiration. Kiftory informs us that 
two Haves whom Tiberius caufed to defceud into the 
Grotto del Cano, were immediately ftirled ; and two 
criminals that Peter de Toledo caufed to be (hut in there, 
fuffered the fame fate. The abbe Nollet, who had the 
courage to refpire the vapour, perceived a fuffocatirjg 
fenfation, and a flight degree of acidity, which produced 
coughing and fneezing. Pilatre de Rofier, who prefents 
himfelf to our notice on all occafioris wherein danger was 
to be faced, caufed himfelf to be fattened by cords fixed 
under his arms, and defcended into the gafeous atmo- 
iphere of a back of beer in fermentation. He had fcarcely 
entered into the mephitis before flight prickings obliged 
him to (hut his eyes ; a violent fuffocation prevented 
him from refpiring ; he felt a giddinefs, accompanied 
with thofe noifes which characterize the apoplexy : and 
when he was drawn up, his fight remained dim for feveral 
minutes ; the blood had filled the jugulars ; his counte- 
nance had become purple ; and he neither heard nor fpoke 
but with great difficulty : all thefe fymptoms however 
difappeared by degrees. 

It is this gas which produces the many unhappy accidents 
at the openingof cellars, inplaceswhere wine, cyder, or beer 
are fuffered to ferment. Birds plunged into the carbonic 
acid gas, fuddenly perifli. The famous Lake of Averno, 
where Virgil placed the entrance of hell, exhales fo large 
a quantity of carbonic acid, that birds cannot fly over it 
with impunity. When the waters of Bouiidou of Perols 
are dry, inch birds as attempt to quench their third ijj 
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the clefts, are enveloped in the niephitic vapour, and 
die. 

Frogs, plunged in an atmofphere of carbonic, acid, live 
from forty to fixty minutes, by fufpending their refpi- 
ration. 

Infects are rendered torpid after a certain time of 
remaining in this air; but they refume their Hvelinefs the 
moment they are expofed to the free air. 

-Bergmann pretended that this acid fuffocates by extin- 
guifhing irritability : he founds his opinion upon the 
circumltance of his having taken out the heart of an 
animal which had died in the carbonic acid, before it 
was cold, and it exhibited no fign of irritability. The 
chevalier Landriani has proceeded ftitl further : for he 
affirms that this gas extinguishes irritability, even when 
applied to the ftan ; and has afferted that, by tying a 
bladder full of this gas to the neck of a fowl, .'irituch a 
manner that the head only of the animal was in the open 
air, and the whole body enveloped in the bladder, the " 
fowT immediately perished. The abbe Fontana has ' 
repeated and varied this experiment on feveral animals, 
none of which died. 

The count Morrozzo published experiments made in 
the prefence of Dr. Cigna ; the remits of which appear 
to invalidate the confequences of the celebrated Bergmann : 
but it is to be obferved, that the chemift of Turin' can fed 
liis animals to die only in air vitiated by the death of 
another animal ; and t<bat in this circumftance the nitrogene 
gas predominates. — See the journal de Phyiique, torn. 

XXV. p. 112. 

B. The carbonic acid is improper for vegetation. Dr. 
Prieftley having kept the roots of feveral plants in water 
impregnated with the carbonic acid, obferved that they 
all perifhed ; and in thofe inilances where plants are 
obferved to vegetate in water or in air which contains this 
gas, the quantity of gas is very fmall. 

Mr. Senebier has even obferved, that plants which are 
fufFered to grow in water {lightly acidulated with this gas 
emit a much larger quantity of ovigenous gas; becaufe, 
in this cafe, the acid is decompofed, the carbonaceous 
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principle combines and is fixed in the vegetable, while the 
oxigene is thrown off. 

I have ohferved that thofe fungi which are formed in 
fubterraneous places, are almoft totally refolved into 
carbonic acid ; but if thefe vegetables be gradually expo- 
fed to the action of light, the proportion of acid diminiHiesj 
while that of the coaly principle augments, and the vege- 
table becomes coloured. I have purfued thefe experiments 
with the greatefl care in a coal mine. 

C. The carbonic acid is eafiiy diflblved in water. 
Water impregnated with this acid poffeffes very valuable 
medicinal qualities; and feveral apparatus have been fuc- 
ceflively invented to facilitate this mixture. The apparatus 
of Nooth, improved by Parker and Magellan, is one of 
the mod ingenious. On this fubjeft the Encyclopedia 
Methodique may beconfulfed, article -Acide Mephitique. 

The natural acidulous mineral waters do not differ from 
thefe, excepting in confluence of their holding other 
principles in foliation ; and they may be perfectly imitated 
when their analyfis is well known. It is abfurd to think 
that art is incapable of imitating. nature in the compaction 
of mineral waters. It mull be admitted that the proceffes 
of nature are abfolutely unknown to us, in all the opera- 
tions which relate to life; and we cannot flatter ourlelves 
with the hope of imitating her in thefe circumftanceft 
But when the queftion relates to an operation purely 
mechanical, or confiding of the folution of certain known 
principles in water, we can and ought to perform it even 
:X\\\ better, as we have the power of varying the do! 
and proportioning the efficacy of any artificial mineral 
water to the purpoies to which it is intended to be 
applied. 

D. The carbonic acid gas is heavier than common air. 
The proportion between thefe two airs in 'weight, accord- 
ing to Mr. Kirwan, is 45,69 to 68,74. The proportion, 
according to the experiments of Mr. Lavoifier, is 48,81 
to 69,50. 

This ccnfiderable weight caufes it to occupy tl 
fituations; and even gives it the property of b 
out from one veffel to another, fo as to difplace the atmo- 
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jfpheric air. This truly curious phenomenon was obfervcd 
by Mr. De Sauvages, as may be feen in his Differtation 
upon Air, which was crowned in Marfeilles in 1750. 

It appears to be proved, by fufncient experiments, that 
the carbonic acid is a combination of carbone, or pure 
charcoal, and oxigerte. 1. The oxides of mercury, 
when diftilled, are reducible without addition, and afford 
only ovigenous gas; but if a fmall quantity of charcoal be 
mixed with the oxide, the product which comes over 
confifts of carbonic gas only, and the weight of the char- 
coal is dimmifhed. 

2. If well-made charcoal be ignited, and plunged into 
a veffel filled with oxigenous gas, and the veffd be inftantly 
clofed, the charcoal burns rapidly, and at lad goes out: 
the product in this experiment is carbonic acid, which 
may be feparated by the known proceifes ; the remainder 
is a fmall quantity of oxigenous gas, which may be con- 
verted into carbonic acid by the fame treatment. 

In thefe experiments I fee nothing but charcoal and 
oxigenous gas; and the confequence deduced is fimple and 
natural. 

The proportion of charcoal is to that of oxigene as 
12,0288 to ^6,6Sy. 

When the carbonic acid, in fotile cafes, is obtained by 
burning hydrogenous gas, it arhes from carbone held in 
folution in this gas. The carbone may even be diiTolved 
in hydrogenous gas, by expbfmg it to the focus of the 
burning mirror in the mercurial apparatus, under a glafs 
veifel filled with this gas* 

The hydrogenous gas which is extracted from a mix- 
ture of fulphuric acid and iron, holds more or lefs of 
rcoal in foiuticn ; becaufe iron itfelf contains this 
fubltanee in a greater or lefs quantity, as is ai'bertained 
fty the fine experiments of Meflfrs. Berthollet, Monge, 
and Vander Monde. 

The aikalis, fuch as we tifually meet with them, 

contain isaVBonic acid ; and it is this acid which modifies 

n, and diminifties their energy, at the fame time that 

aittmuificatcfs to ;rty of efiervefcin^. 

Y 
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We may therefore confider alkalis as carbonates with 
exeefs of alkali ; and it is eafy to faturate this fuperabuu- 
dant alkali, and to foam true cryftallizable neutral (alts. 



ARTICLE I. 

Carbonate of Pot-afli. 

The carbonate of pot-afli was formerly diTHnguifhed by 

: name of Cretaceous Tartar. The method of caufina 
oil of tartar to cryftaliize, has Jong been known. Bonhius 
atttd Montet have fucceflively fhewn thefe procefTes: but 
the fimplefl confids in cxpofmg an alkaline folution in an 
atmofphere of the acid gas which is difengaged in the 
vinous fermentation ; the alkali becomes faturated,, and 
forms tetrahedral prifmatic cryflals terminated by very 
ihort fbur-fided pyramids. 

I have feveral times obtained thofe cryflals in the form 
of quadrangular prifms, with their extremities cut off 
ilantwife. 

This neutral fait no longer pofTeiTes the urinous tafle of 
the alkali, but exhibits the penetrating tafle of neutral 
falts, and may be employed in medicine with the greateft 
fuccefs. I have been a witnefs to its beinc{ taken in the 
tlofe of one dram (gros) without the lead inconvenience. 

This fait pofTefles an advantage beyond the fait of 
Tartar, in being lefs cauflic, and always of the fame virtue. 

It contains, according to the analyfis of Bergmann, 
twenty parts acid, forty-eight alkali, and thirty-two water, 
in the quintal. 

It does not attract the humidity of the air. I have 
prefer ved fome of it for feveral years in a capfule, without, 
any appearance of alteration. 

The carbonate of pot-afli is decompofed by filex in a 
fufficient heat, which Ovcafions a considerable boiling or 
ebullition. The rciidue is glafs, in which the alkali is in 
the cauftic ftate. Lime decompofes the carbonate, by 
anking to the acid ; and acids produce the fame £$e&, 
by combining with tfye alkaline bafes. 
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ARTICLE II. 



Carbonate of Soda. 



The denominations of Aerated Mineral Alkali, Creta- 
ceous Soda, Szc. have been fucceffively given to this 
kind of carbonate. 

The mineral alkali, in its natural date, contains a 
greater quantity of carbonic acid than the vegetable ; 
and nothing more is necerTary than to diflblve it, and 
duly evaporate the water, in order to obtain it in 
cryftals. 

Thefe cryftals are ufually rhomboidal octahedrons ; and 
fometimcs have the form of rhomboidal laminae, applied 
obliquely one upon the other, fo that they referable tifes. 

This carbonate efflorefces in the air. 

One hundred parts contain fixteen parts acid tweutf 
alkali, and fixty-four water. 

The affinity of its bails with files is flronger than that 
of the carbonate of pot-afh ; in confequence of which, 
the vitrification it produces is more quick and eafy. 

Lime and the acids decorapoie it, with the fame pheno- 
mena which we have obferved at the article Carbonate 
cfPot-afh. 

ARTICLE III. 
.Carbonate of Ammoniac. 

This fait has been generally known by the name of 
Concrete Volatile Alkali. It has likewife been diftin- 
guifhed by that of Cretaceous Volatile Alkali, &c. 

It may be obtained by diftillation from many animal 
fubftances. Tobacco affords, likewife, a large propor- 
tion ; but almoU the whole of that which is employed 
in the arts, and in medicine, is formed by the direel 
combination of the carbonic acid and ammoniac, or 
volatile alkali. This combination may be affected — i. 
By palling the carbonic acid through ammoniac, or tl 
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pure volatile alkali in folulion. 2. By expofing ammo- 
"iiiac in an atmofphere of carbonic acid gas. 3. By de- 
compofing the muriate of ammoniac by the neutral falte 
which contain this acid, fuch as the carbonate of lime or 
common chalk. For this purpofe, white chalk is taken, 
•and very accurately dried ; and then mixed with equal 
parts of muriate of ammoniac, or common fal ammoniac 
jn fine powder. This mixture is put into a retort, and 
diflilled ; the ammoniac and the carbonic acid being 
difengaged from their bafes, and reduced into vapours, 
combine together, and are depofited on the fides of the 
receiver, where they form a flratum more or lefs thick. 

The cryftallization of this carbonate appeared to me 
to be that of a four-fided prifm, terminated by a dihedral 
fummit. 

The carbonate has lefs fmell than the ammoniac ; it 
is very foluble in water. Cold water diffolves its own 
weight of this fait, at the temperature of fixty degrees 
of Fahrenheit. 

One hundred grains of this fait contain forty-five parts 
acid, forty-three alkali, and twelve water, according to 
Bergmann. 

Mofl acids decompofe it, and difplace the carboniq 
acid. 



CHAPTER II. 

Concerning the Sulphuric Acid, 



OULPHUR, like every other eombufl 
Jubilance, cannot be burnt but by virtue of the 1 
nous gas which combines with it. 

The mofl; lulial phenomena which accompany 
combuftion are, a blue flame, a whitifli and fuffocatin'g 
vapour, and a ftrong, penetrating, and difagregable im:li. 
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The refults of this combination vary according to the 
proportion in which thefe two principles enter into this 
fame combination. 

The fulphureous or the fulphuric acid may be at plea- 
fare obtained from fublimed fulphur, or from crude ful- 
phur, accordingly as a greater or lefs quantity of oxigene 
is combined with the fulphur, by mbans of combuftion. 

When the current of air which maintains the combuf- 
tion is rapid, the fulphur is carried, and depofited without 
any apparent alteration, into the internal part of the 
leaden chambers in which the oil of vitriol is made. If 
the current of air be rendered more moderate, the com- 
bination is fomewhat more accurate; the fulphur is partly 
changed, and is depofited in a pellicle upon the furface 
of the water. This pellicle is flexible like a fkin, and 
may be handled and turned over in the fame manner. 
If the current be (till lefs rapid, and the air be fuffered 
to have a fufficient time to form an accurate combination 
with the fulphur, the refult is fulphureous acid ; which 
acid preferves its gafeous form at the temperature of the 
atmofphere, and may become liquid like water by the 
application of cold, according to the fine experiments of 
Mr. Monge. If the combuflion be ftill flower, and the 
air be fuffered to digeft upon the fulphur a longer time, 
and with greater accuracy, the refult is fulphuric acid : 
this lad combination may be facilitated by the mixture of 
faltpetre, becaufe this fubllance furnifhes oxigene very 
abundantly. 

Numerous experiments which I have made in my manu- 
factory, to economize the faltpetre employed in the fabri- 
cation of oil of vitriol, have feveral times exhibited the 
refults here mentioned. 

All the proceffes which are capable of being adapted 
for extracting the fulphuric acid, are reducible to — 1. The 
extraction of it from fubftances which contain it. 2. Its 
direct formationby the combination of fulphur and oxigene. 

In the firfl cafe, the fulphures, or vitriolic falts of iron, 
copper, or zinc, and even thofe whofe bafes are clay and 
lime, according to Newman and Margraff, may be expofed 
to diflillation. But thefe expenfive prccelfes are not very 
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eafy to be carried into execution ; and accordingly they 
have been abandoned, to make room for others of greater 
fimpUcity. 

In the fecond cafe, the oxigene may be prefented to 
the fulphur in two forms ; either in the (late of gas, or in 
the concrete ftate. 

i. The combuftion of fulphur by oxigenous gas, is 
performed in large chambers lined with lead. The com* 
bullion is facilitated by mixing about one-eighth of a 
nitrate of pot-afh with the fulphur. The acid vapours 
which fill the chamber are precipitated againft its fides, 
and the condenfation is facilitated by a flratum of water 
difpofed on the bottom of the chamber. In fome manu- 
factories in Holland, this combuftion is performed in 
large glafs balloons with large mouths, and the vapours 
are precipitated upon water placed at the bottom. 

In both cafes, when the water is funiciently impreg. 
nated with acid, it is concentrated in leaden boilers, and 
rectified in glafs retorts^ to render it white, and to con- 
centrate it fufficiently for the purpofes of trade. The 
acid, when of a due ftrength, indicates fixty fix degrees, 
according to the aerometer of Mr. Baunie; and when it 
has not been carried to this degree, it is unfit for mod 
of the ufes for which it is intended. It cannot, for 
example, be employed in diflblving indigo; for the fraall 
quantity of nitric acid which it cc: mites with the 

blue of the indigo, and forms a green colour. I have 
afcertained this phenomenon by very accurate experi- 
ments; and I have been a witneis to the failing of colours, 
and the lofs of (luffs, in confequtnee of the imperfection of 
the acid. 

2. When the oxigene in the concrete ftate isprefente4 
to the fulphur, it is then in combination with other bodies, 
h it abandons to unite with this laft. This happens 
when the nitric acid is diftilled from fulphur. Forty-eight 
ounces of this acid, at thirty fix degrees, diftilled from 
two ounces of fulphur, afforded near four ounces oi 
fulphuric acid. This facft was known to Matte Lafaveur: 
but I pointed out all the phenomena andcircumftancesofi 
the operation in 1781. 
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Sulphur may likewife be converted into fulphuric acid 
by means of the oxigenated muriatic acid. -Encyclo- 
pedic Methodique, torn. i. p. 370. 

The fulphuric acid which is found difengaged in 
fome places in Italy, appears likewife to arife from the 
combuflion of fulphur, BaldafTari has obferved it in this 
ftate in a hollow grotto, in the midft of a mafs of incruf- 
tations depofited by the baths of Saint Philip, in Tufcany. 
He afferts that a fulphureous vapour continually arifes in 
this grotto. He likewife found fulphureous and vitriolic 
erfervefcences at St Albino, near mount Pulciano, and at 
. the lakes of Travale, where he obferved the branches of 
a tree covered with concretions of fulphur and the oil of 
vitriol.— Journal de Phyfique, t. vii. p. 395. 

O. Vandelli relates that, in the environs of Sienna and 
Vitcrbo, fulphuric acid is fometimes found difTolved in 
water. Mr. (the commander) De Dolomieu affirms that 
he found it pure and cryflallized in a grotto of mount 
Etna, from which fulphur was formerly obtained. 

According to a firft experiment of Mr. Berthollef, 
fkty-nir.e parts of fulphur with thirty one parts of oxigene 
formed one hundred parts of fulphuric acid ; and, according 
to a fecond experiment, feventy-two of fulphur and twenty^ 
eight of oxigene formed one hundred parts of dry acid. 

The various degrees of concentration of the fulphuric 
acid have caufed it to be diftinguifhed by different names, 
under which it is known in commerce. Hence the deno- 
minations pf Spirit of Vitriol, Oil of Vitriol, and Glacial 
Oil of Vitriol, to exprefs its degrees of concentration. 

The fulphuric acid is capable of palling to the concrete 
ftate by the imprefiion of intenfe cold. Tihs congelation is 
a phenomenon long fmce known. Kunckei and Bohn 
have fpoken of it; and Boerhaave fays exprefsly, " Oleum 
vitrioii, fnmma arte puriflimum, fummo frigore hiberno 
in glebas fciidefcit perfpicuas; fed, fratim ac acuties fri- 
goris retundltor, liquefcit et difRuit." — We are indebted 
to the Duke D'Ayen for fome very valuable experiments 
upon the congelation of this acid; 'and M lorveau 

repeated '.hem with equal fuccefs in 17B2, and proved 
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that this congelation may be effected at a degree of cold 
confidently lefs than what had been mentioned*. 

I have already fever.al times obtained beautiful cryftals 
of fulphuric acid in flattened hexahedral prifms, termi. 
nated by an hexahedral pyramid; and my experiments 
have enabled me to conclude — -i. That the very concen- 
trated acid cryftallizes more difficulty than that whofc 
denfity lies between fixty-three and fixty-five. 2. That 
the proper degree of cold is from 1 to 3 degrees below 
of Reaumur. The detail of my experiments may be feen 
in the volume of the Academy of Sciences of Paris for the 
year 1784. 

The characters of the fulphuric acid are the following: 

1. It is unctuous and fat to the touch, which has occa- 
fioned it to obtain the very improper name of Oil of Vitriol. 

2. It weighs one ounce and feven gros in a bottle" 
containing one ounce of diftilled water. 

3. It produces heat, when mixed with water, to fuch 
a degree as to exceed that of boiling water. If one end 
of a tube of glafs be clofed, and water poured into it, 
and the clofed end of this tube be plunged into water, 
the water in the tube may be made to boil by pouring 
fulphuric acid into the external water which furrounds 
the tube. 

4. It feizes with great avidity all inflammable fub- 
ftances ; and it is blackened and decompofed by this 
combination. 

Stahl fuppofed the fulphuric aoid to be the^ univerfal 
acid. He founded this opinion more efpecially upon the 
circumftance, that cloths foaked in a folution of alkali, 
and expofed to the air attracted an acid which combined 
with the alkali ; and formed a neutral fait, by him 
fuppofed to be of the nature of fulphate of pot-afli, or 
vitriolated tartar. Subfequent and more accurate experi- 
ments have fhewn that this aerial acid was the carbonic ; 
and the prefent ftate of our knowledge is fuch as permits 

* See alfb the experiments of Mr. Kier, and the late expe: 
of Mr, Cavendifh on the congelation cf acids, in the Philof< 
Tranfa&ions. 
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lis (till lefs than ever to believe in the exigence of an 
uuiverfal acid. 

ARTICLE I. 

Sulphate of Pot-afti. 

The fulphate of pot-afh, is defcribed indifferently under 
the names of Arcanum Duplicatum, Sal de Duobus, 
Vitriolated Tartar, Vitriol of Pot-afh, &c. 

This fait cryflallizes in hexahedral prifms, terminating 
in hexahedral pyramids, with triangular faces. 

It has a lively and penetrating tafle, and meks difficultly 
in the mouth. 

It decrepitates on hot axils, becomes red-hot before it 
fufes, and is volatilized without decompofition. 

It is foluble in fixteen parts of cold water, at the 
temperature of 60 degrees of Fahrenheit : and boiling 
water dilfolves one-fifth of its weight. 

100 grains contain 30.21 acid, 64.61 alkali, and 5.18 
water. Mod of the fulphate of pot-alh ufed in medicine is 
formed by the direfi combination of the fulphuric acid and 
pot-afh, or the vegetable alkali: but that which is met 

th in commerce is produced in the diftillation of aqua 
fortis, by the fulphuric acid: this has the form of beautiful 
cryftals, and is fold in the Comtat Venaifin at forty or 
' fifty livres the quintal. The analyfis of tobacco has like- 
wife afforded me this fulphate. 

Mr. Baume proved to the Academy, in 1760, that the 
nitric acid, affiled by heat, is capable of decompofing; 
the fulphate of pot-afh. Mr. Cornette afterwards fhewed 

it the muriatic acid poffeiles the fame virtue; and I 
fhewed, in 1780, that this acid may be difplaced by the 
nitric acid, without the aifiltance of heat; though the 
fulphuric acid refuraes its place when the folution is 
concentrated by heat. 

ARTICLE I J. 

I Kofp rif 3 

This combination of the nilphuric acid and foda is dill 
known under the names of Glauber's Salt, Sal Admiral 

Z 
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Vitriol of Soda, &c. This fait cryftallizes in reftangular 
octahedrons, of a prifmatic or cuneiform figure, of which 
the two pyramids are truncated near their bafis. 

It has a very bitter tafte, and eafily diifolves in the 
mouth. 

It fwells up upon heated coals, and boils, in confe- 
quence of the diffipation of its water of cryftallization. 
After this water has been difperfed, there remains only 
a white powder, difficult of fufion, which is volatilized 
without decompofition by a ftrong heat. 

By expofure to the air, it effervefces, lofes its tranfpa- 
rency, and is reduced to a fine powder. 

Three parts of water, at 60 degrees of Fahrenheit's 
thermometer, diffolved one part of this fait ; but boiling 
water diifolves its own weight. 

1 00 grains of fr.lphate of foda contain 14 acid, 22 alkali 
and 64 water. 

It is formed by the direcT: combination of the two prin- 
ciples which contain it; but the tamarix gallica, which 
grows on the fea coafts,. contains fo large a quantity, that 
it may be extracted to advantage. Nothing more is 
necefTary for this purpofe, than to burn the 'plant, and 
lixiviate the afhes. That fait which is fold in the fouth 
of France, in fine cryftals, is prepared in this manner. 
It is very pure, and the price does not exceed thirty or 
thirty-five livers the quintal. This fujphate is likewife 
formed in our laboratories when we decompofc the 
muriate of foda, or common fait, by the fulphuric acid. 

Pot-alli difTolved by heat in a folution of -fulphate of 
foda, precipitates the foda, and takes its. place. See my 
Chemical Memoirs. 

ARTICLE III. 

Sulphate of Ammoniac. 

The fulphate of ammoniac, commonly known by the 
name of Glauber's Secret Ammoniacal Salt, is verjf 
bitter. 

It cryftallizes in long flattened prifms with fix fides, 
terminated by fix-uded pyramids, 
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It cannot be obtained in well-formed cryftals but by 
infenfible evaporation. 

It (lightly attra&s the humidity of the air. 

It liquefies by a gentle heat, and rifes over a moderate 
fire. 

Two parts of cold water diffolve one of this fait ; and 
boiling water diffolves its own weight, according toFour- 
croy. The fixed alkalis, barytes, and lime, difengage the 
ammoniac from it. 

The nitric and muriatic acids- difengage the fulphuric 
acid. 

The different fubftances of which we have treated are 
of confiderable ufe in the arts and medicine. 

The fulphureous acid is employed in whitening filk, 
and giving it a degree of luftre. Stahl had even com- 
bined it with alkali, and formed the fait fo well known 
under the name of Stahi's Sulphureous Salt. This com- 
bination paffes quickly to the ftate of fulphate, if it be 
left expofed to the air ; as it fpeedily ablbrbs the oxigene 
which is wanting for that purpofe. 

The principal ufe of the fulphuric acid is in dying, in 
which art it ferves to diffolve indigo, and carry it in a 
ftate of extreme divifion upon the fluffs to be dyed ; it is 
likewife ufed by the manufacturers of Indiens^ or filk and 

F mixtures, to carry off the preparation of thefe goods, 
Avherein lime is ufed. The chemifl: makes great ufe of 
this acid in his analyfes ; and to feparate other acids from 
their combination, fuch as the carbonic, the nitric, and 
the muriatic acids. 

The fulphate of pot-afh is known in medicine as an 
alterative, and is ufed in cafes of lacteous coagulations. 
It is given in the dofe of a few grains, and is even pur- 
gative in a greater do(c. 

The fulphate of foda is an effe&ual purgative . in the 
dofe of from four to eight gros, or drams. For this purpofe 
it is dilfolved in a pint of water. 



CHAPTER III. 

x Concerning the Ni 

1 HE nitric acid, called Aqua Fortis in com- 
merce, is lighter than the fulphuric. It ulually has a 
yellow colour, a flrong and difagreeable fraell, and units 
red vapours. It gives a yellow colour to the fkin, to fiik, 
and to almoft all animal fubftances with which it may 
come in contact. It diilblves and fpeedily corrodes iron, 
topper, zinc, &c. with the efcape of a cloud of red vapours 
during the whole time its a&ion lads. It entirely deftroys 
the colour of violets, which it reddens. It unites to water 
with facility ; and the mixture affumes a green colour, 
which difappears when (till further diluted. 

This acid has been no where found in a clifengaged 
flate. It always exifts in a ftate of combination ; and it 
is from thefe combinations that the art of cbemiflry 
extracls it, to apply to our ufes. The nitrate of pot-afli, 
or common nitre, is the combination which is bed known, 
and is likewife that from which we ufually extract the 
nitric acid. 

The procefs ufed in commerce to make aqua fortis, con- 
fifts in mixing one part of ialtpetre with two or three parts 
of red bolar earth. This mixture is put into coated retort?, 
difpofed in a gallery or long furnace, to each of which 
is adapted a receiver. The firft vapour which arifes in 
the diilillation is nothing but water, which is fufferedto 
efcape at the place of jun&ure, before the luting: and 
•when the red vapours begin to appear, the phlegm which 
is condenfed in the receiver is poured out; and the receiver, 
being replaced, is carefully luted to the neck of the retort. 
The°vapours which are condenfed, form atfirft a greenifli 
liquor : this colour difappears inienfibly, and is replaced 
by another which is more or lefs yellow. Some chemiris, 
more especially Mr. Baume, were oi opinion that the 
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earth acted upon the faltpetre by virtue of the fulphurie 
acid it contains. But not to mention that this principle 
does not exift in all the earths made ufe of, as Meffrs. 
Macquer, De Morveau, and Scheele have proved, we 
know that pulverized flints equally produce the decom- 
pofnion of faltpetre. I am therefore of opinion that the 
effect of thefe earths upon the fait ought to be referred 
to the very evident affinity of the alkali to the filex, which 
is a principal component part ; and more efpecially to the 
flight degree of adhefion which exifts between the confti- 
tuent principles of nitrate of pot-aih. 

We decompofe faltpetre in our laboratories by means 
of the fulphurie acid. Very pure nitrate of pot-afh is 
taken, and introduced into a tubulated retort, placed in 
a fand bath, with a receiver adapted. All the places of 
junction are carefully luted ; and as much fulphurie acid 
as amounts to half the weight of the fait is poured through 
the tubulure ; and the diftillation is proceeded upon. 
Care is taken to fit a tube into the tubulure of the 
receiver ; the other end of which is plunged into water, 
to condenfe the vapours, and to remove all fear of an 
explofion. 

Inftead of employing the fulphurie acid, we may fub- 
flitute the fulphate of iron, and mix it with faltpetre in 
equal parts. In this cafe, the rcfidue of the diftillatjon, 
when well wafhed, forms the mild earth of vitriol made 
ufe of to polifh glafs. 

Stahl and Kunckel have fpoken of a very penetrating 
aqua fortis, of a blue colour, obtained by the diftillation 
of nitre with arfenic. 

Whatever precaution is taken in the purification of 
the faltpetre, and however great the attention may be 
which is bellowed upon its diftillation, the nitric ari 
always impregnated with fome foreign acid, cither the 
fulphurie or muriatic, form which it requires to be 
purified. It is cleared of the fir ft by rediftilling it upon 
very pure faltpetre, which retains the (mall quantity of 
fulphurie acid that may exift in the mixture. It is de 
ved of the fecond. by pouring into it a few drops 
folution cf nitrate of iilver. The muriatic acid combines 
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with the filver, and is precipitated with it in the form 
of an infoluble fait. The fluid is then differed to remain 
at reft, and is afterwards decanted from the precipitate 
or depofition. This acid, fo purified, is known under 
the name of Aqua Fortis for Parting, Precipitated Ni- 
trous Acid, Pure Nitric Acid, &c. 

Stahl had confidered the nitric acid as a modification of 
the fulphuric, produced by its combination with an inflam- 
mable principle. This opinion has been fupportcd by 
feveral new facts, in a differtation of Mr. Pietih, crowned 
by the Academy of Berlin in 1749. 

The experiments of the celebrated Hales led him ftill 
nearer to this conclufion, as his manipulations were 
fucceffively employed upon the two conftituent principles 
of the nitric acid. This celebrated philofopher had ob- 
tained ninety cubic inches of air from half a cubic inch of 
nitre ; and he proceeded no further in his concluiions, 
than to alTert that this air is the principal caufe of the 
cxplofions of nitre. 

The fame philofopher relates that the pyrites of Wal- 
ton, treated with equal quantities of fpirit of nitre and 
Water, produce an air which has the property of abforb- 
ing the frefti air, which may be made to enter the veffd. 
This great man, therefore, extracted fucceflively the two 
principles of the nitric acid ; and thefe capital experiments 
put Dr. Prieflley in the road to the difcovcries he has 
fince made. 

It was not however until the year 1776, that the ana- 
lyiis of the nitric acid was well known. Mr. Lavoifier, 
by diftilling this acid from mercury, and receiving the 
feveral products in the pneumato-chemical apparatus, has 
proved that the nitric acid, whole fpecific gravity is to 
that of diftilled water as 13160710 1 00000, contains — 
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grains. 

Nitrous gas 1 7 51.1 

Oxigenous gas 1 7 7 a 

Water 13 — — 

By combining thefe three principles together 
decempofed acid was regenerated. 
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The action of the nitric acid on mod inflammable mat- 
ters, coniilts in nothing more than a continual decompo- 
fition of this acid. 

If the nitric acid be poured upon iron, copper, or 
zinc, thefe metals are inltantly attacked with a ftrong 
efFervefcence ; and a confiderable difengagement of vapours 
takes place, which become of a red colour by their com- 
bination with the atmofpheric air, but which may be 
retained and collected in a ftate of gas in the hydro- 
pneumatic apparatus. In all thefe cafes the metals are 
ftrongly oxided. 

The nitric acid, when mixed with oils, renders them 
thick and black, converts them into charcoal, or inflames 
them, accordingly as the acid is more or lefs concentrated, 
or in a greater or lefs quantity. 

If very concentrated nitric acid be put into an apothe- 
cary's phial, and be poured upon charcoal in an impal- 
pable powder, and very dry, it fets it on fire inftantly* at 
the fame time that carbonic acid and nitrogene gas are 
difenpaged. 

The various acids which are obtained by the digeflion 
of the nitric acid on certain fubflances, fuch as the oxalic 
acid, or acid of fugar, the arfenical acid, &c. owe their 
exiftence merely to the decompofition of the nitric acid, 
the oxigene of which is fixed in combination with the 
bodies upon which the acid is diftilled. The facility with 
which this acid is decompofed, renders it one of themoft 
active becaufe the action of acids upon mod bodies is a con- 
fequence of their own proper decompofition 

The characters of nitrous gas, which is extracted by 
the decompofition of the acid, are— 1. It is invifible, or 
perfectly tranfparent. 2. Its fpecific gravity is rather lefs 
than that of atmofpherical air. 3. It is unfit for refpira- 
tion, though the abbe Fontana pretends that he refpired 
it without danger. 4. It does not maintain combuftion. 
5. It is not acid, according to the experiments of the 
Duke de Chaulnes. 6. It combines with oxigene, and 
reproduces the nitric acid. 

But what is the nature of this nitrous gas? It was at 
firfl: .d that it confids of the nitric acid faturated 
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with phlogiflon. This fyftem ought to have teen al 
doned as loon as it was proved that the nitric acid depo 
iked its oxigene upon the bodies on which it acted; anil 
that the nitrous gas was Ids in weight than the acid made 
life of. A capital experiment of Mr. Canvendifh , 
thrown the greatefl: light on the fubjecl. This chemiit 
having introduced into a tube of glas feven parts of oxi- 
genous gas obtained without nitrous acid, and three pari; 
of nitrogene gas; or, by eftiraating thefe quantities in 
weight, ten parts of nitrogene to twenty-fix of oxigene— 
and having caufed the electric fpark to pafs through this 
mixture, perceived that its volume or bulk was greatly 
diminillied, and fucceeded in converting it into nitric acid. 
It may be prefumed, from his experiment, that the acid 
is a combination of feven parts of oxigene, and three 
nitrogene. Thefe proportions conflitute the ordinary 
nitric, acid; but when a portion of its oxigene is taken 
■away, it paries to the (late of nitrous gas; fo that nitrous 
gas is a combination of nitrogene gas, with a fmall quan- 
tity of oxigene. 

Nitrous gas may be decompofed by expofing it to a folu- 
tion of the fulphure of pot-aih, or hepar of fulphur: the 
oxigene gas unites to the fulphur, and forms ■fulphurio 
acid while the nitrogene gas remains behind in a ftate of 
purity. 

Nitrous gas may likewife be decompofed by means of 
pyrophorus, which burns in this air, and abforbs the oxi- 
genous gas. 

The electric fpark has likewife the property of decomt 
pofing nitrous gas. Mr. Van Marum has obferved -that 
three cubic inches of the nitrous gas are reduced by t. 
tricky to one cubic inch and three quarters; and that 
refidue no longer porTeffed any property of nitrous 
Laflly, according to the experiments of Mr. Lavoiiier, 
one hundred grains of nitrous gas contain thirty -two parte 
nitrogene, and fixty-eigh't parts oxigene: according to die 
fame cherhift, one hundred grains of nitric acid con 
feventy-nine and a half oxigene and twenty and 
nitrogene; and this is the r£afon why nitrous gas iliould 
be employed in a lefs portion than ni ;, ro 
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combine with the oxigene gas, and form the nitric 
acid. 

Thefe ideas upon the compofition of the nitrous acid, 
appear to be confirmed by the repeated proofs we now 
have of the necefhty of caufing fubflances, which afford 
much nitrogene gas, to be prefented to the oxigene gas, 
in order to obtain nitric acid. 

The feveral dates of the nitric acid may be clearly 
explained according to this theory: — -1. The fuming 
nitrous acid is that in which the oxigene does not exifl in 
a fufficient proportion ; and we may render the whiteft and 
the moil: faturated nitric acid fuming and ruddy, by depri- 
ving it of a part of its oxigene by means of metals, oils, 
inflammable fubflances, &C. or even by difengaging the 
oxigene by the fimple cxpofition of the acid to the light of 
the fun, according to the valuable experiments of Mr. 
Berthollet. 

The property which nitrous gas pofTertes, of abforbing 
oxigene to form the nitric acid, has caufed it to be employed 
to determine the proportion of oxigene in the compofition 
which forms our atmofphere. The abbe Fontana has 
conftru&ed, on thefe principles, an ingenious eudiometer, 
the defcription and manner of ufing which may be feen 
in the firfl volume of Dr. Ingenhoufz's Experiments upon 
Vegetables. 

Mr. Berthollet has very juftly obferved, that this 
eudiometer is inaccurate, or productive of deception — 1. 
Becaufe it is difficult to obtain nitrous gas conftantly 
formed of the fame proportions of nitrogene gas and 
oxigene ; for they vary, not only according to the nature 
of the fubflances upon which the nitric acid is decompofed, 
but likewife accordingly as the folution of any given fub- 
ftance by the acid is made with greater or lefs rapidity. 
If the acid be decompofed upon a volatile oil, nothing 
but nitrogene gas can be obtained ; if the acid act upon 
iron, and it be much concentrated, nitrogene gas only 
will be obtained, as I have obferved, &c. 2. The nitric 
acid which is formed by the union of nitrous gas and 
oxigene, diffolves a greater or lefs quantity of nitrous gas 
according to the temperature, the quality of the air which 

Aa 
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is tried, the fize of the eudiometer, Szc. fo that the dimu 
nution varies in proportion to the greater or lefs quantity 
of nitrous gas obtained by the nitric acid which is formed: 
confequently the diminution ought to be greater in winter 
than in fummer, £:c. 

According to the experiments of Mr. Lavoifier, four 
parts of oxigenous gas are fufHcient to faturate feven parts 
and one third of nitrous gas ; whereas it is found that 
nearly fixteen parts of atmofpheric air are required to 
produce the fame effect : whence this celebrated chemift 
has concluded, that the air of the atmofphere does not in 
general contain more than one-fourth of oxigenous or ref- 
pirable gas. Repeated experiments at Montpellier, upon 
the fame principle, have convinced me that twelve or 
thirteen parts of atmofpheiic air are conftantly fufficient 
to faturate feven parts and one-third of nitrous gas. 

Thele experiments (hew, to a certain degree of accuracy, 
the proportion in which vital air exifts in the air which we 
refpire ; but they do not give us any information ref- 
pecling the noxious gafes which, when mixed with the 
atmofpheric air, alter it, and render it unwholefome.. 
This obfervation very much curtails the ufe of this, 
inflrument. 

The combination of the oxigenous and nitrous gafes 
always leaves an aeriform refidue, which Mr. Lavoifier 
eflimated at about one thirty-fourth of the whole volume : 
it arifes from the mixture of the foreign gafeous fub- 
ftances, which more or lefs affect the purity of the gafes 
made ufe of. 



ARTICLE I. 

Nitrate of Pot-afh. 

The nitric acid, combined with pot-afh, forms the fait 
fo well known under the names of Nitre, Saltpetre, 
Nitre of pot-am, &c. 

This neutral fait is rarely the product of any direft 
combination of its two conftituent parts. It is found 
ready formed in certain places j and in this manner it is 
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pat the whole of the nitre employed in the arts is 
obtained. 

In the Indies, it efflorefces on the furface of unculti- 
vated grounds. The inhabitants lixiviate thefe earths 
with water, which they afterwards boil and cryilallize 
in earthen pots. Mr. Dombey has obferved a great 
quantity of faitpetre near Lima, upon earths which ferve 
for pasture, and which produce only gramineous plants. 
Mr. , Valbot Dillon, in his travels into Spain, relates 
that one-third of all the grounds, and in the fouthern 
parts of that kingdom even the duft of the roads, con- 
tain faitpetre. 

Saltpetre is extracted in France from the ruins and 
plafter of old houfes. 

This fait exifts ready formed in vegetables, fuch as 
parietaria and buglofs, &c. and one of my pupils, Mr. 
Virenque, has proved that it is produced 'in all extra&s 
which are capable of fermenting. 

The fermentation of faitpetre may be favoured, by 
caufing certain circumftances to concur which are of ad- 
vantage to its formation. 

In the North of Europe, the faltpetre-beds are formed 
with lime, allies, earth of uncultivated grounds, and draw, 
which are ftratificd, and watered with urine, dunghill- 
water, and mother waters. Thefe beds are defended by 
a covering of heath or broom. In the year 1775, the 
King caufed a prize to be propofed by the Royal Academy 
of Sciences at Paris, to difcover a method of increafmg 
the product of faitpetre in France, and to relieve the 
people from the obligation of permitting the faltpetre- 
makers to examine their cellars, in order to difcover and 
carry away faitpetre earths. Several Memoirs were 
offered on the fubjecl, which the Academy united into a 
fmgle volume ; and thefe have added to our knowledge, 
by inftructing us more efpeciaily concerning the nature of 
the matters which favour the formation of nitre. It was 
known, for example, long fmce, that nitre is formed in 
preference near habitations, or in earths, impregnated 
-with animal produ&s : it was likewife known that, in 
genera 1 , the alkaline bails was afforded by the concurrence 
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of a vegetable fermentation. Mr. Thouvenel, whofe 
memoir Was crowned, has proved that the gas which is 
difengaged by putrefaction, is neceffrry for the formation 
of nitre ; that blood, and next to it, urine, were the 
animal parts which were the mod favourable to its forma- 
tion ; that the mod minutely divided and the lighten 1 earths 
were the mofc proper for nitrification ; that the current of 
air muft be properly managed, to fix upon thefe earths 
the nitric acid which is formed, &c. 

It feems to me that Becher poffefTed a confiderably 
accurate knowledge of the formation of nitre, as appears 
from the following panages; 

" Haec eni.ri (vermes, mufcae, ferpentes) putrefacta in 
" terram abeunt prorfus nitrofam; ex qua etiamcommuni 
" modo nitrum copiofum parari poteft, fola elixatione 

cum aqua communi."— Phyf, Subt. lib. i. S. V. t. i. 



d. : 



Sed et ipfum nitrum necdum finis ultimus putrefacU 
" onis eft; nam cum ejufdem partes igneae feparantur, 
f* relinquse in terram abeunt prorfum puram & infipidam, 
" fed fingulari magnetilmo praxiitam novum fpiritum 
f 6 aereum attrahendi, rurfufque nitrum fiendi." — Phyf. 
Subt. S. V. t. i. p. 292. 

From all the difcoveries and obfervations which have 
been hitherto made, it follows that, in order to eftabliih 
artificial nitre beds, it is necefiary that animal putrefaction 
and vegetable fermentation fhould concur. The nitrogene 
gas, in its difengagement from the animal fubftances, 
combines with the oxigene, and forms the acid, which 
again unites with the alkali, whofe formation is favoured 
by the vegetable decompofition. 

When the manufacturer is in poffeffion of faltpetre 
grounds, whether by the fimple operations of nature or 
by the afii fiance of art, the faltpetre is extracted by the 
lixiviation of thefe earths; which lixivium is afterwards 
concentrated, and made to cryftallize. In proportion as 
the evaporation goes forward, the marine fait, which 
almofi always accompanies the formation of nitre, is pre- 
cipitated. This is taken out with ladles, and fet to drain 
in baikets placed over the boilers, 
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As a great part of the nitre has an earthy bafis, and 
requires to be furnifhed with an alkaline bafis to caufe it 
to cryftallize, this purpofe is accomplifhed either by mixing 
afhes with the faltpetre earths, or by adding an alkali 
ready formed to the lixivium itfelf. 

Nitre obtained by this firft operation is never pure, bu| 
contains fea-falt, and an extractive and colouring princi- 
ple, from which it mud be cleared. For this purpofe it 
is dilfolved in frefh water, which is evaporated; and to 
whi. h bullocks blood may be added, to clarify the folution. 
The nitre obtained by the fecond manipulation is known 
by the name of Nitre of the Second Boiling. If recourfe 
be had to a third operation to purify it, it is then called 
Nitre of the Third Boiling. 

The purified nitrate of pot-afh is employed in delicate 
operations, fuch as the manufacture of gunpowder, the 
preparation of aqua fortis for parting, and the folution of 
mercury, &c. The faltpetre of the firfl boiling is ufed in 
thofe works where aqua fortis is made for the dyers. It 
affords a nitrc-inuriatic acid, which is capable of difTolving 
tin by itfelf. 

The nitrate of pot-afh cryftallizes in prifmatic octahe- 
drons, which almoft always reprefent fix-fided flattened 
prifms, terminated by dihedral fummits. 

It has a penetrating tafte followed by a fenfation of 
coldnefs. 

It is fufible upon ignited coals; and in this cafe its 
acid is decompofed. The oxigene unites with the carbone 
and forms the carbonic acid ; the nitrogene gas and the 
water are diffipated; and it is this mixture of principles 
which has been known under the name of ClyfTus of 
Nitre. 

The diftillatlon of the nitrate of pot-afh affords twelve 
thoufand cubic inches of oxigenous gas for each pound of 
the fait. 

Seven parts of water diffolve one of nitre, at fixty 
degrees of Fahrenheit ; and boiling water diffolves its 
own weight of this fait. 

One hundred grains of the crydals of nitre contain 
thirty acid, fixty-three alkali, and feven water. 
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When a mixture of equal parts of nitre and fulphur 
are thrown into a red-hot crucible, a faline fubftance is 
obtained, which was formerly called Sal Polychreft of 
Glafer, and which has fince been confidered as Sulphate 
of Pot-afli. If nitre be fufed, and a few pinches of 
fulphur be thrown upon this fait in fufion, and the whole 
be afterwards poured out or caft into plates, it forms a 
fait known by the name of Cryftal Mineral. 

A mixture of feventy-five parts of nitre, nine and a 
half of fulphur, and fifteen and a half of charcoal, forms 
gunpowder. This mixture is triturated from ten to 
fifteen hours, care being taken to moiften it from time 
to time. This trituration is ufually performed by pound- 
ing mills, whofe peftles and mortars are of wood. In 
order to give the powder the form proper to granulate 
it, it is palled through fieves of ikin, whofe perforations 
are of various fizes. The grained powder is then fifted, 
to feparate the duft, and it is afterwards carried to the 
drying-houfe. Gunpowder for artillery, or cannon- 
powder, receives no other preparation ; but it is necef. 
fary to glaze the powder which is intended for fowling. 
This laft preparation is effected by putting it into a kind 
of calk which turns on an axis, and by whofe movement 
the angles of the grains are broken, and their furfaces 
polilhed. We are indebted to Mr. Beaume and the 
chevalier Darcy for a feries of experiments, in which 
they have proved — 

i. That good gunpowder cannot be made without 
fulphur. 

2. That charcoal is like wife indifpenfably neceflary. 

3. That the quality of gunpowder depends, ceteris 
paribus, upon the accuracy with which the mixture is 
made. 

4. That the effect of powder is greater when fimply 
dried than when it is granulated. 

The effect of gunpowder depends upon the rapid 
decompofition which is made in an irritant of a confider- 
able mafs of nitre, and the fudden formation of thofe 
gafes which are the immediate product. Bernoulli, in 
the laft century, afcertained the development of air by 
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the deflagration of gunpowder : he placed four grains of 
powder in a recurved tube of glafs, plunged the tube in 
water, and fet lire to the gunpowder by means of the 
btirning-glafs ; after the combuftion the interior air occu- 
pied a larger fpace, fo that the fpace abandoned by the 
water was fuch as would have contained two hundred 
grains of gunpowder. — Hift.de TAcademie des Sciences 
de Paris, 1696, t. ii, Memoire de M. Varignon fur lc 
Feu et la Fkimme. 

The fulminating powder, which is made by the mix- 
ture ani trituration of three parts of nitre, two of fait of 
tartar, and one of fulphur, produces effects (till more ter- 
rible. In order to obtain the full effect, it is expofed in a 
ladle to a gentle heat ; the mixture melts, a fulphureous 
blue flame appears, and the explofion takes place. Care 
mail be taken to give neither too ftrong nor too flight 
a degree of heat. In either cafe, the combuftion of the 
principles takes place feparately, and without explofion. 



ARTICLE II. 
Nitrate of Soda. 

This fait has received the name of Cubic Nitre on 
account of its form ; but this denomination is not exact, 
becaufe it affects a figure confhntly rhomboidal. 

It has a cool, bitter tafte. 

It flightly attracts the humidity of the air. 

Cold water, at fixty degrees of Fahrenheit's thermo- 
meter, difTolves one-third of its weight ; and hot water 
fcarcely difTolves more. 

It fufes upon burning coals with a yellow colour ; 
whereas common nitre affords a white flame, according 
to Margraff— 24 Differt. fur le Sel Commun, t. ii. p. 343. 

100 grains of this fait contain 28.80 acid, 50.09 
alkali, and 21.1 1 water. 

It is almoft always the product of art. 
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ARTICLE III. 



Nitrate of Ammoniac. 

The vapours of ammoniac, or volatile alkali, being 
brought into contact with thofe of the nitrous acid, com- 
bine with them, and form a white and thick cloud, which 
Ilowly fubfides. 

But when the acid is directly united to the alkali, the 
refult is a fait, which has a cool, bitter, and urinous 
tafte. 

Mr. De Lille pretends that it cryftallizes in beautiful 
needles, fimilar to thofe of fulphate of pot-am. 

Thefe cryftals cannot be obtained but by a very flow 
evaporation. 

When this fait is expofed to the fire, it liquefies, emits 
aqueous vapours, dries, and detonates. 

Mr. Berthollet has analyfed all the refults of this ope- 
ration, and has drawn from them a new proof of the truth 
of the principles which he has eflablifhed with regard to 
ammoniac. 



CHAPTER IV. 

Concerning the Muriatic Acid. 

XHIS acid is generally known by the name of 
Marine Acid, and it is (till diftinguifhed among artifans 
by the name of Spirit of Salt. 

It is lighter than the two preceding acids; it has a ftrong 
penetrating fmell, refembling that of faffron, but infinitely 
more pungent; it emits white vapours when it is concen- 
trated; it precipitates filver from its folution in the form 
of an infoluble fait, &c. This acid has no where been 
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found dtfengaged; and, to obtain it in this Irate, it is 
neceffary to difengage it from its combinations. Common 
fait is ufually employed for this purpofe. 

The fpirit of fill t of commerce is obtained by a procefs 
little differing from that which is ufed in the extraction of 
aqua fortis. But as this acid adheres more ftrongly to its 
bafis, the product is very weak, and only part of the ma- 
rine fait is deeompofed. 

Flints pulverized and mixed with this fait, do not fepa- 
rate the acid. Ten pounds of flints in powder, treated by 
a violent fire with two pounds of the fait, did not afford 
me any other product than a mafs of the colour of litharge. 
The fumes were not perceptibly acid. If cL-iy, which has 
once ferved to decompofe marine fait, be mixed with a 
new quantity of the fame, fait, it will not decomDofe an 
atom of it, even though the mixture be moidened and 
formed into a pafle. Thefe experiments have been feveral 
times repeated in my manufactory, and have conftantly 
exhibited the fame refults. 

The fulphate of iron, or martial vitriol, which fo eafily 
difengages the nitric acid, decompofes marine fait ; but 
very imperfectly. 

The impure foda known in France by the name of 
Blanquette, and in which my analyfis has exhibited 
twenty-one pounds of common fait out of twenty-five, 
fcarcely affords any muriatic acid when it is diftilled with 
the fulphuric acid ; but it affords abundance of fulphu- 
Teous acid. Mr. Berard, director of my manufactory 
attributed thefe refults to the coal contained in this foda, 
which deeompofed the fulphuric acid. He therefore 
calcined the blanquette to dedroy the charcoal : and then 
he found he could treat it in the fame manner as common 
fait, and with the fame fuccefs. 

The fulphuric acid is ufually employed to decompofe 
marine fait. My method of proceeding confifls in drying 
the marine fait, pounding it, and putting it into a tubu- 
lated retort placed upon a fand bath. A receiver is 
adapted to the retort, and afterwards two bottles, after 
the manner of Woulfe, in which I distribute a weight 
of diftilled water equal to that of the marine fait made 

3 b 
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vSc of. The joinings of the vefiels are then luted, but 
with the greateif. caution ; and when the apparatus is 
thus iitted up, a quantity of fulphuric acid is poured 
through the tubulure equal to hair the weight of the 
fait. A confiderable ebullition is immediately excited ; 
and when this effervefcence is flackened, the retort is 
gradually Seated, and the mixture made to boil. 

The acid is difengaged in the date of gas ; and mixes 
rapidly with the water, in which it produces a consider- 
able degree of heat. 

The water of the flrir. bottle is ufually faturated with 
the acid gas, and forms a very concentrated and fuming 
acid ; and though the fecond is weaker, it may be carried 
to any defired degree of concentration, by impregnating 
it with a new quantity of the gas. 

The ancient chemiits were divided refpecting the nature 
of the muriatic acid. Becher fuppofed it to be the ful- 
phuric acid modified by his mercurial earth. 

This acid is fuiceptible of combining with an additional 
dofe of oxigene ; and, what is very extraordinary, it 
becomes more volatile in confequence of this additional 
quantity ; whereas the other acids appear' to acquire a 
greater degree of fixity in the fame circumftances. It 
may even be faid, that its acid virtues become weaker in 
this cafe, iince its affinities with alkalis diminifh ; and it 
is fo far from reddening blue vegetable colours, that it 
deflroys them. 

Another phenomenon not lefs interesting, which is 
prefented to us by this new combination, is, that though 
the muriatic acid feizes the oxigene with avidity, yet it 
contracts fo weak a union with it, that it yields it to 
almoft all bodies, and the mere action of light alone is 
fufficient to difengage it. 

It is to Schcele that we are indebted for the difcovcry 
of the oxigenated muriatic acid. He formed it in the 
year 1774, by employing the muriatic acid as a folvent 
for manganefe. He perceived that a gas was difengaged, 
which poffefied the diilinclive fmell of aqua regia ; and 
he was of opinion that in this cafe the muriatic acid aban- 
doned its phlogiilion to the manganefe j in confequence 
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of which notion he called it the Dephlogifticated Marine 
Acid. He tool: notice of the principal and truly 
aftoni filing properties of this new fubilance ; and all che- 
mifts fmce his time have thought their attention well 
employed in examining a fhbftatee which exhibits fucli 
lingular properties. 

To attract, this acid, I place a large glafs alembic' of 
one (ingle piece upon a fand bath. To the alembic I 
adapt a fmall receiver ; and to the receiver three or four 
fmall bottles nearly filled with difiilled water, and arranged 
occording to the method of Woulfe. I difpofe the receiver 
and the bottles in a cittern, the places of junction being 
luted with fat lute, and fecured with rags foaked in the 
lute of lime and white of egg. Lafliy, I furround the 
bottles with pounded ice. When the apparatus is thus 
difpofed, I introduce into the alembic half a pound of 
manganefe of Cavennes, and pour upon it, at fey, 
repiritions, three pounds of faming muriatic acid. The 
quantity of acid which I pour at once is three ounces; and . 
at each time of pouring a confiderable effervefcence h 
excited. I do not pour a new quantity until nothing more 
comes over into the receivers. This method of proceeding 
is indifpenfably neceflary, when the operator is defrrous 
of making his procefs with a definite quantity of the mate- 
rials. For if too large a quantity of acid be be poured at 
once, it is impoffible to reftrain the vapours; and the. 
effervefcence will throw a portion of the manganefe into 
the receiver. The vapoi ich are developed by the 

affufion of muriatic acid are of a greenifh yellow colour; 
and they communicate this colour to the water when tl 
combine with it. When this vapour is concentrated by 
means of the ice, and the water is- faturated with it, it 
forms a f:um at the fin-face, which is precipitated through 
the liquid, and refembles a congealed oil. It is neceflary 
: to affirf. the action of the muriatic acid by means of a mode- 
rate heat applied to the fand bath. The fecure luting of 
the velllls is alfo anerlcmlal circurnftance; for the vapour 
which Slight efcape is fufTcoiting, and would not permit 
the chemifl to infpee! his operation clofely. It is etify to 
difcover the place where it efcapea through the Jutes, by 
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running a feather dipped in volatile alkali over them', the 
combination of thefe vapours inftantly forms a white cloud, 
which renders the place vifible where the vapour "efcapes* 
An excellent Memoir of Mr. Berthollet, publifhcd in the 
Annales Chimiques, may be ccr.fulted upon the oxigenated 
muriatic acid. 

The fame oxigenated muriatic acid may be obtained by 
diftilling, in a fimilar apparatus, ten pounds of marine 
fait, three or four pounds of manganefe, and ten pounds 
of fulphuric acid. 

Mr. Reboul has obferved that the concrete ftate of this 
acid is a cryftallization of the acid, which takes place at 
three degrees of temperature below the freezing point of 
Reaumur. The forms which have been obferved are 
thbfe of a quadrangular prifm truncated very obliquely, 
and terminated by a lozenge. He has likewife obferved 
hollow hexahedral pyramids on the furface of the liquor. 

To make ufe of the oxigenated acid in the arts, and in 
order to concentrate a greater quantity in a given volume 
of water, the vapour is made to pafs through a folution 
of alkali. A white precipitate is at firft formed in the 
liquor; but a (hort time afterwards the depofition dirai- 
nilhes, and bubbles are difengaged, which are nothing 
but the carbonic acid. In this cafe two falts are formed, 
the oxigenafed miniate, and the ordinary muriate. The 
mere imprellicn of light is fufficient to decompofe the for- 
mer, and convert it into common fait. This lixivium con- 
tains, indeed, the oxigenated acid in a flronger proportion. 
The execrable fmell of the acid is much weakened. It 
may be employed for various ufes with the fame fuccefs, 
and with great facility; but the efFecl is very far from 
correfponding with the quantity of oxigenated acid which 
enters'into this combination, becaufe the virtue of a great 
partis deflroyed by its union with the alkaline bans. 

The oxigenated muriatic acid has an excefiively ftrong 
fmell. It a&s dirc&iy on the larynx, winch it flimulates, 
excites coughing, and produces violent head-aches. 
5 Its tafte is fharp and bitter. It fpeedlly deilroys the 
colour of tinclure of turnfole. But it appears that the 
property which molt Oxigenated Jubilances peffefs, of 
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reddening blue colours, aifes only from the combination 
of oxigene with the colouring principles; and that, when 
this combination is very ilrong and rapid, the colour is 
deitroyed. 

The oxigenated muriatic acid with which a folution of 
Cauftic alkali is faturated, affords, by evaporation in vef- 
fels fecluded from the light, common muriate and oxige- 
nated muriate. This lad detonates upon charcoal; is 
more foluble in hot than in cold water; cryflallizes, fome- 
times in hexahedral lamina?, and oftner in rhomboidal 
plates. Thefe cryftals have an argentine brilliancy, like 
mica. Tts tafte is faint; and its cryftals, when they are 
diiiclved in the mouth, produce a fenfation of coolnefs 
refembling that of nitre. 

Mr. Berthollet has ascertained, by delicate experiments 
that the oxigenated muriatic acid which exifts in the oxi- 
genated muriate of pot-am, contains more oxigene than an 
equal wei Jit of oxigenated muriatic acid difTolved in 
water; and this has led him to confider the oxigenated 
ac'd combined in the muriate as being fuperoxigenated. 
He confidcrs the common muriatic gas with relation to the 
oxigenated muriatic gas, the fame as the nitrous gas or 
fulphureous gas with refpecr. to the nitric and fulphuric 
acids. He pretenos that the production of the fimple 
muiiate and the oxigenated muriate in the fame operation, 
may be compared to the action of the nitric acid, which 
in many cafes produces nitrate and nitrous gas. Hence 
he has coniidered the muriatic acid as a pure radical, 
which, combined with a greater or lefs quantity of oxi- 
gene, forms either fimple muriatic acid gas, or the oxige- 
nated muriatic acid gas. 

The oxigenated muriates of foda do not differ from 
thofe of pot-afh, but in being more deliquefcent and folu- 
ble in alcohol, like all the falts of this nature. 

The oxigenated muriate of pot-afh gives out its oxigene 
in the light, and by diflillation as foon as the veflel is 
heated to rednefs. One hundred grains of this fait afford 
feventy five cubic inches of oxigencus gas reduced to the 
temperature of twelve degrees of Reaumur. This air is 
purer than the ethers, ana uay be employed for delicate 
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experiments the oxigenated muriate of pot-afh, when 
cryftallized, docs not trouble the folutions of nitrate of 
lead, of filver, or of mercury. 

M. Berthollet has fabricated gunpowder, by fubftitu- 
ting the oxigenated muriate inftead of fakpetre. The 
effects it produced were quadruple. The experiment in 
the large way, which was made at Eflbne, is but too well 
known, by the death of Mr. Le Tors and Mademoifelle 
Chevraud. This powder exploded the moment the mix. 
ture was triturated. 

The oxigenated muriatic acid whitens thread and 
cotton. For this purpofe the cotton is boiled in a weak 
alkaline lixivium ; after which the {luff is wrung out, 
and fteeped in the oxigenated acid. Care is taken to 
move the cloth occafionaily in the fluid, and to wring it 
out. It is then warned in a large quantity of water, to 
deprive it of the fmell with which it is impregnated. 

I have applied this known property to the whitening 
of paper and old prints : by this means they obtained a 
whitenefs which they never before pofTelTed. Common 
ink difappears by the action of this acid ; but printers 
ink is not attacked by it. 

Linen and cotton cloths, and paper, may be bleached 
by the vapour of the oxigenated marine acid. I have 
made fome experiments in the large way, which have 
convinced me of the pollibility of applying this method 
to the arts. The Memoir in which I have given an 
account of my experiments, will be printed in the volume 
of the Academy of Paris for the year 178;, 

The oxigenated muriatic acid thickens oils ; and oxides 
metals to fuch a degree, that this procefs may be advan- 
tageouily ufed to form verditcr. 

The oxigenated muriatic acid difiblves metals without 
eftervefcence ; becaufe its oxigene is fufllcient to oxide 
them without the necemty of the decompofition of water, 
and confequenfly o\ the difengagement of gas. 

This acid precipitates mercury from its iolutions, and 
converts it into the date of corrofive fublimate. 

It converts fulphur into fulphuric acid. an<3 inftantly 
deprives the very black fulphunc acid 0! us colour, 
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"When mixed with nitrous gas, it paiTes to the flate of 
muriatic acid, and converts part of the gas into nitric acid. 

When expofed to light, it affords oxigenous gas, and 
the muriatic acid is regenerated. 

The muriatic acid a&s very efhcacioufly upon metallic 
oxides, merely in confequence of its becoming oxigenated ; 
and in this cafe it forms with them falts, which are more 
or leis oxigenated. 

ARTICLE I. 

Muriate of Pot-afh. 

This fait is dill diflinguiihed by the name of Febrifuge 
fait of Sylvius. 

It has a difagreeable ftrong bitter tafte. 

It cryflallizes in cubes, or in tetrahedral prifms... 

It decrepitates upon coals ; and when urged by a violent 
heat it fufes, and is volatilized without decompofition. 

It requires three times its weight of water, at the 
temperature of fixty degrees of Fahrenheit, for its folution. 

It is fubjecT: to f.arcelyany alteration in the air. 

One hundred grains of this fait contain 29.68 acid, 
63.47 alkali, and 6,85 water. It is frequently met with, 
but in fmall quantities, in the water of the fea, in platter, 
in the allies of tobacco, &c. The exiflence of this fait 
in the afhes of tobacco might with juftice have furprifed 
me, as I had reafon to expect the muriate of foda which 
is employed in the operation called watering. Was the 
foda metamorphofed into pot-aih by the vegetable fer- 
mentation? This may be determined by direct experi- 
ments. 

ARTICLE IT. 
Muriate of Soda. 

The received names of Marine Salt, Common Salt, 
and Culinary Salt, denote the combination of muriatic 
acid with foda. 

This fait has a penetrating but not bitter tafte. It 
decrepitates on coals, fufes, and is volatilized by the heat 
of a glafs- maker's furnace 3 without decompofition, 
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It is foluble in 2.5 times its weight of water, at fjxtj 
degrees of Fahrenheit's thermometer. 

One hundred grains of this fait contain 33.3 acid, 50 of 
alkali, and 16.7 of water. 

It cryftallizes in cubes. Mr. Gmelin has informed us 
that the fait of the fait lakes in the environs of Sellian on 
the banks of the Cafpian fea, forms cubical and rhora- 
boidal cryffals. 

Mr. De Lille obferves, that a folution of marine fait, 
left to infenfiblc evaporation during five years by Mr. 
Rouelle, had formed regular octahedral cryftals refemb- 
lingthofe of alum. 

Marine fait may be obtained in octahedrons, by pour* 
ing frefh urine into a very pure folution of frefh fait. Mr. 
Berniard is convinced that this addition changed only the 
form of the fait, without altering its nature. 

Common fait is found native in many places. Cata- 
lonia, Calabria, Switzerland, Hungary, and Tyrol pof- 
fefs mines, which are more or lefs abundant. The richeft 
fait mines are thofe of Wieliczka in Poland. Mr. Ber- 
niard has given us a defcription cf them in the Journal de 
Phyfique ; and Mr, Macquart, in his Effays on Minera- 
logy, has added interefting details concerning the working 
of thefe mines. 

Our fait fprings in Lorraine and Franche-comte, and 
fome indications afforded by Bleton, have appeared fuffi- 
cient motives to Mr. Thouvenel to prefume that fait mines 
cxifl in our kingdom. This chemift expreffes himfelfin 
the following manner : 

" At the diftance of two leagues from Saverne, between 
the village of Huclenhaufen and that of Garbourg, in a 
lofty mountain called Penfenperch, there are two great 
refervoirs of fait water ; the one to the eaft, at the head 
of a large deep and narrow valley, which is called the 
great Limerthaal ; the other to the well, upon the oppo- 
lite dope, towards Garbourg. They communicate toge- 
ther by five fmall dreams, which are detached from the 
upper refervoir, and unite in the lower one. From thefe 
two fait refervoirs flow two large ftreams ; the upper 
runs into Franche-comte, and the lower into Lorraine, 
where they fupply the well-known fait works.** 
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The v." ^ flow to the di fiance of feventy 

% • orvoir. 

Salt mines appear to owe their origin, to the drying up 
6fva.fl lakes. ells and madrepores found in the 

immenie mines of Poland are proofs of marine depofitions* 
ere are li is in which the fait is fo % abitn- 

dant, that it is depofited at the bottom of the water; as 
appears from the analyiis of the water of the la"ke Afphal- 
tites, made by MefTrs. Macquer and' Sage. 

This native felt is often coloured ; and as in this flate 
it pofTeifes considerable brilliancy, it is called Sal-gem. It 
almoft. always contains an oxide of iron, which colours it. 

As thefe fait mines are neither fufiiciently abundant to 
fupply the wants of the inhabitants of the globe, nor dis- 
tributed with that uniformity as to permit all nations to 
have ready recourfe to them, it has been found neceffary 
to extract the fait from the writer of the fea. The fea 
does not contain an equal quantity in all climates : Ingen- 
houfz has ihewn us that the northern feas contain lefs 
than the fonthern. Marine fait is \o abundant in Egypt, 
that, according to liaiTelquiil, a frefh-water fpring is a 

ifiire which is fecretly tranfmitted from father to fon. 

THe method of extracting the water of the fea varies 
according to the climates. 

1. In the northern provinces, the fait fands of the fea 
Coafts are warned with the lead poffibl-c quantity of water, 
and the fait is obtained by evaporation.— -See the defcrip- 
t'ion of this procefs by Mr. Guettaru. 

2. In very cold countries^ fait water is concentrated by 
freezing, and the refidue is evaporated by fire.— See 
Wallerius. 

3. At the fait fpritlgs of Lorraine and Franche-comte, 
the water is pumped up, and fufiered to fall upon heaps 
(tf thorns, which divide it, and caufc a part to evaporate. 
The farther concentration is effected in boilers. 

4. in the I 1 provinces, at Feccais, at Peyrat, at 
Cet'te, and extraft'iori is begun by fepa- 

nltity of \ irn the general mafs 

of the Fea* which is faltered to remain in fc[uare (paces, 
call* arpoie k is aeceflkry to 

C c 
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have fluices which may be opened and fliut at pleafare, 
and to form furrounding walls which prevent all communi. 
cation with the lea, except by means cf thefe gates. It is 
in the partenemens that the water goes through the firft 
ftage of evaporation ; and when it begins to depofit its 
fait, it israifed by bucket wheels to other fquare compart- 
pients, called Tables, where the evaporation finifhes. 
. The fait is heaped together, to form the cammelhs ; 
in which (late it is left for three years, 'in order that the 
deiiquefcent falts may flow out of it; and, after this inter- 
val of time, it is carried to market. 

Exertions and enquiries have long fmcfe been made to 
difcover a cheap method of decompofing marine fair, to 
obtain the mineral alkali at a low price, which is of fuch 
extenfive ufe in the manufactures of foap, glafs, bleaching, 
&c. The proceiles hitherto diicovered are the follo\v.in>gj 

i. The nitric acid difengages the muriatic acid, and 
forms nitrate of foda, which may be eafily decompofed 
by detonation. 

2. Pot-aih difplaces the foda, even in the cold, as I 
found by experiment. 

3. The fuiphuric acid forms fulphate of foda by decom- 
pofing the marine fait ; the new fait, when heated with 
charcoal, is deftroyed ; but a fulphure of foda, or liver of 
fulphur, is formed, which is difficult to be entirely fepa- 
rated ; and this procefs does not appear to me to be econo- 
mical. The fulphure may likewife be decompofed by 
the acetite of barytes, and the foda afterwards obtained 
by calcination of the acetite of foda. 

4. MargrafT tried in vain to aceomplifti this purpofe, by 
means of lime, ferpentine, iron, clay, &c. He adds that 
if common fait be thrown upon lead heated to rednefs, the 
fait is decompofed, and muriate of lead is formed. 

5. Scheele has pointed out the oxides of lead for the 
deeompofition of common fait. If common fait be mixed 
with litharge, and made into a pafte, the litharge gradu- 
ally lofes its colour, and becomes converted into a white 
matter, from which the foda may be extracted by warning. 
It is by proceiles of this kind that Turner extracts it in 
England^ but this decompoiliion never appeared to me to 
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be complete, unlefs the litharge was employed in a pro- 
portion quadruple to that of the fait. I have obferved 
that atdaoft all bodies are capable of alkalizing marine fait,' 
but that the abfolnte decompofition is very difficult. 

6. Barytes decompofes it likewife, according to the 
experiments of Bergmann. 

j. The vegetable acids, combined with lead, may 
likewise beufed to decompofe common fait. Whenthefe 
falts are mixed, a decompofition takes place: the muriate 
of lead falls down; and the vegetable acid, united to the 
foda, remains in folution. The vegetable acid may be 
diffipated by evaporation and calcination ; and the alkali 
remains difengaged. 

Marine fait is more efpecially employed at our tables, 
and in culinary purpofes. It removes and corrects the infi- 
pidity of our food, and at the ferae time facilitates digef- 
tion. It is ufed in a large proportion to preferve flefh, 
from putrefaction j but in a fmall dofe it haftens that 
procefs, according to the experiments of Pringle, Mac-, 
bride, Gardane, &c. 

ARTICLE IIL 

Muriate of Ammoniac. 

Of all the combinations of ammoniac this is the mod 
interefting, and the mod generally ufed. It is known by 
the name of Sal Ammoniac. 

This felt may be directly formed by decompofmg the 
muriate of lime by the means of ammoniac, as Mr. 
Baume has pracYifed at Paris. But aim oft all the fal 
ammoniac which circulates in commerce is brought to us 
from Egypt, where it is extracted by distillation from foot, 
by the combution of the excrements of fuch animals as 
feed on faline plants. 

The details of the procefs whi'h is ufed have not been 
very long known. One of the fir it writers who gave a 
defcription of this operation is father Sicard. He informed 
us, in 17 1 6, that dillilling veiieis were charged with the 
foot of the excrements of oxen, to which fea flilt and 
camels urine were added. 
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Mr. Lemaire, eoflful at Cairo, in a Id tea to the 

Academy of Sciences in 1720, afrirms that neither urine 
nor fea fait are added. 

Mr. Haffelquift has communicated to the Academy of 
Stockholm a confiderably extenfive defcription of the pro- 
cefs : by which we learn that , of all animals which 

feed on faiine plants is indifcriminately uied, and that the 
foot is diflilled, ■ Q fal ammoniac. 

This dm -lying it againft the walls; and 

it is burned inflead of wood, in fuch countries as do not 
porTefs that fuel, The fublimation is performed in large 
round bottles of one foot and a half diameter, terminating 
in a neck of two inches in height; and they are filled to 
y/ithin four inches of the neck. The fire is kept up during 
three times twenty-four hours; the fait is fublimed to the 
cr part of ti I ■;, where it forms a mais of the 

fame figure as the veffels themfelves. Twenty pounds of 
foot fi& pounds of fal ammoniac, according to 

. a.ld, 

I was always of opinion that fal ammoniac might be 
d by treating the dung of the numerous animals 
feed on feline plants in the plains of La Camargue 
. au, in the fame manner; and after bavjflg 
procured, with :uhy, two pounds of the 

. , i extracted from it four ounces of fill ammoniac. I 
muff ohitrve, to fa ve much trctuJ ho may v.ilh 

to follow this branch of commerce, that the dung pro- 
duced during the hammer, thsfpring, or the autumn, does 
::ot afford this (alii I did not know to what circumibnce 
to attribute my refills, until I found that 

thefe ani tables, excepting at 

the time wh _annot be had; s 

are reduced to the . ecourfe to fafine 

plants only duri. ' . This c> 

vation appears to me to be a proof, that mi it ' 3 

decompoied in the firft paffageg; and that the fbda is 
modified to the (late of ammoniac. 

Sal ammoniac is continually fublimed through the aper- 
tures of volcanic mountains. ] I it; and 
}ili. Sage admitted its exiftence among volcanic ] 
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It is found in the grottos of Puzzolo, according to Meffrs. 
Swab, SchefFer, &c. 

Ii is found in the country of the Calmucs. Model 
amdyfed it. 

It is alfo produced in the human body, and exhales by 
perfpiration in malignant fevers. Mr. Model has pro- 
ved this fact in his own perfon : for at the time of a 
violent fwcat which terminated a malignant fever, he 
warned his hands in a folution of pot-am, and obferved 
that a prodigious quantity of alkaline gas was'difengaged. 

Sal ammoniac cryflallizes by evaporation in quadran- 
gular pyramids. It is often obtained in rhombic cryilals 
by mblimation. The concave face of the loaves of fal 
ammoniac in commerce is fometimes covered with thefe 
cryftals. 

This fait has a penetrating, acrid, urinous tafte. It 
poffeffes a degree of ductility which renders it flexible, 
and caufes it to yield to a blow of the hammer. It does 
not change in the air ; which circumftance renders it 
probable that our fal ammoniac is different from that 
mentioned by Pliny and Agricola, as that attracted humi- 
dify. Three parts and a half of water diffolve one part 
of fal ammoniac, at fixty degrees of Fahrenheit's thermo- 
meter : a confiderable degree of cold is produced by its 
folution. 

One hundred parts of fal ammoniac contain fifty-two 
parts acid, forty ammoniac, and eight water. 

This fait is not at all decompofed by clay ; nor by 
Ittagnefia except with difficulty, and in part only ; but it 
U completely decompofed by lime and fixed alkalis. The 
fulphuric and nitric acids difengage its acid. 

This fait is ufed in dying, to bring out certain colours. 
It is mixed with aqua forth, to mcreafe its folvent power. 

It is ufed in foldering ;, in which operation it poifeifes 
the double advantage of clearing the metallic furface, and 
tfreventine its oxidation. 
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CHAPTER V. 

Concerning \he Nhrv-munatk Acid. 

I HE acid which we call Nitro-muriatic, is a 
combination of the nitric and muriatic acids. 

Our predcceffors diflinguifhed it by the name of Aqua 
Regia, on account of its property of diflolving gold. 

There are feveral known proceiTes for making this mixed 
acid. 

If two ounces of common fait be diftilled with four of 
nitric acid, the acid which comes over into the receiver 
Will be goad nitro-muriatic acid. 

This is the procefs of Mr. Baume. 

The nitrate of pot-afh may be decompofed by diitilling 
two parts of muriatic acid from one of this fait : good 
aqua regia is the product of this operation; and therefidue 
is a muriate of pot-afh, according to Mr. Cornctte. 

Boerhaave affirms that he obtained a good aqua regia, 
by diitilling a mixture of two parts of nitre, three of ful- 
pkate of iron or martial vitriol, and five of common fait. 

The fimple dift illation of nitre of the flrft boiling affords 
aqua regia ; which is employed by the dyers in the folu- 
tion of tin, for the compofition of the fcarlct dye. This 
aqua fortis is a true aqua regia : and it is by virtue of the 
mixture of acids that it difTolves tin ; for if it confided of 
the nitric acid in a ftate of too great purity, it would cor- 
rode and oxide the metal without dhToIving it. The dyers 
then fay that the aqua fortis precipitates the tin ; and they 
correct the acid by diifolving fal ammoniac or common fait 
in it. 

Four ounces of fal ammoniac in powder, diiTolved gra- 
dually, and in the cold, in one pound of nitric, form an 
excellent aqua regia. An oxigenated muriatic acid gas 
is difengaged for a long time ; which it is imprudent to 
attempt to coerce, and which ought to be fullered to 
efcape by convenient apertures. 



Acid of Borax. * $7 

Aqua regia is likewife formed by mixing together two 
parts of pure nitric acid and one of muriatic acid. 

The very evident fmell of oxigenated muriatic acid, 
which is difengaged in every procefs which can be adopted 
to form the acid at prefent in queftion ; and the property 
which it poffdTes, equally with the oxigenated muriatic 
acid, of diffolving gold, have led certain chemifts to infer 
that, in the mixture of thefe two acids, the muriatic acid 
feized the oxigene of the nitric, and affumed the character 
of oxigenated muriatic acid : fo that the nitric acid was 
confidered as anfwering no other purpofe than that of 
oxigenating the muriatic. But this fyftem is inconfiftent ; 
and though the virtues of the muriatic acid are modified by 
this mixture, and it is oxided by the decompofition of a 
portion of the nitric acid, neverchelefs the two acids flill 
exiff. in the aqua regia : and I am convinced that the belt 
made aqua regia, faturated with pot-adi, will afford the 
ordinary muriate, the oxigenated muriate, and the nitrate. 
It appears to me that the powerful adlion of aqua regia, 
depends (imply on the union of the two acids ; one of 
which is exceedingly well calculated to oxide the metals, 
and the other difiblves the oxides or calces with the 
greatefl avidity. 



CHAPTER VI. 

Concerning thz Acid of Borax. 

1 HE acid of borax, more generally known by 
the name of Romberg's Sedative Salt, is almoft always 
afforded by the decompofition of the borate of foda, or 
borax. But it has been found perfectly formed in certain 
places ; and we have reafon to hope that we (hall ipeedily 
acquire more accurate information refpe&ing its nature, 



ir g Acid of Boi 

Mr. Hocfer, dire&or of the Pharmacies of Tufaany, 
was the firrt who detected this acid fait in the waters of 
the lake Chercniajo, near Monte-rotondo, in the info, 
rior province of Sienna: thefc waters are very hotfj 
and they afforded him three ounces of the pure acid in 
one hundred and twenty pound'; of the water. This 
fame chemift having evaporated twelve thoufand two 
hundred and eighty grains of the water of the lake of 
Caitelnuovo, obtained one hundred and twenty gra 
He prefumes, moreover, that it might be found in the 
water of feveral others lakes, fuch as thofe of Laflb, 
Monte-cerbeloni, &c. 

Mr. Sage has depofited in the hands of the Royal Aca- 
demy of Sciences fbtoe acid of borax, brought from (he 
mines of Tufcany by Mr. Beifon, who collected it himfelf. 

Mr. Weih umb found fedative fall:' in the {tone called 
Cubic Quartz of Luneburg. He obtained it by deconi* 
pofing this (tone by the acids of fulphur, nitre, &c. 
The refult of his analyfis is the following: 

Sedative fait -. — A 

Calcareous earth — ,% 

Magnefia — j^ 

Clay and filex — -r^. 

Iron — T f - to to 

This ftone according to the obfervations of Laflius, 
has the form of fmall cubical cryfcals, fometimes tranfpa- 
rent, in other fpecimehs milky, and affords fparks with 
the fteel. ■ 

The acid of boras is generally found combined with 
foda. It is from this combination that it is difengaged, 
and obtained either by fublimation or cryftallization. 

When it is propofed to obtain it by fublimation three 
pounds of calcined fulphate of iron, and two ounces of 
borate of foda are diflolved in three pounds of wal 
The folution is then filtered, and evaporated to a pelli 
after which the fubliqriation h p d in a cut 

ofglafs with its head. The acid of borax attaches it 
to the internal furface of the head, from which it maybe 
fwept by a feather* 
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Homberg obtained it by dccompofing of borax with the 
fulphuric acid. This procefs fucceeded with me wonder- 
fully well. For this purpofe I make ufe of a glafs cucur- 
bit with its head, which I place on a fand bath. I then 
pour upon the borax half its weight of fulphuric acid, and 
proceed to fublimation. The fublimed acid is of the mod 
beautiful whiten efs. 

Stahl, and Lemery the younger, obtained the fame 
acid by making ufe of the nitric and muriatic acids. 

To extract the acid of borax by crystallization, the 
borax is diffolved in hot water, and an excels of fulphuric 
acid is poured in. A fait is depofited during the cooling 
on the fide of the veiTel, in the form of thin round plates , 
applied one upon the other. This fait when dry, is very 
white, very light, and of a filvery appearance. It is the 
acid of borax. 

We are indebted to Geoffroy for this procefs. Baron 
has added two facts: the firft, that the vegetable acids 
are equally capable of dccompofing borax; and the fecond, 
that borax may be regenerated by combining the acid of 
borax with foda. 

This acid may be purified by folution, filtration, and 
evaporation ' but it mull be obferved, that a confiderable 
part is volatilized with the water which flies off in the 
evaporation. 

The acid of borax has a faline cool tafte. It colours 
the tincture of turnfole, fyrup of violef.s, &c. red. 

One pound of boiling water diffolved no more than 
one hundred and eighty-three grains, according to Mr. 
De Morveau. 

Alcohol diilblves it more eafily ; and the flame which 
this folutior. is of a beautiful green. This acid, 

_n expofed to the Are, is reduced to a vitriform and 
tranfparent fubftance, in/lead of riling ; which proves, 
as Rouelle has obferved, that it is only fublimed by 
favour of the water, with which it forms a very volatile 

corn] 

of the known acids decompofe this acid. 
exhibit it in tl : form, it h ht a 

tifiable conciulion that ii d in the. 

13d 
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borax. Mr. Baume has even affirmed that he compofed 
this acid by leavnig a mixture of grey clay, greafe, and 
cows dung expofed to the air in a cellar. But Mr. 
VViegteb, after an unfuccefsful labour of three years and 
a half, thinks himfelf authorised to give a formal negative 
to the French chernift. 

Mr. Cadet has endeavoured to prove 1. That the 

acid of borax always retains a portion of the acid em- 
ployed in the operation. 2. That this fame acid has 
(till the mineral alkali for its bans. — Mr. De Morveau 
has, with his ufua! fagacity, difcuffed all the proofs 
brought forward by Mr. Cadet ; he has {hewn that none 
of them are conclufive, and that the acid of borax is 
entitled to retain its place among the chemical elements. 

ARTICLE I. 

Borate of Pot-aft; 

The acid of borax combined with pot-afh forms thij 
.fait. It may be obtained either by the direct combina- 
tion of thefe two feparate principles, or by decompofing 
borax by the addition of pot-alb. 

This fait, which is yet little known, afforded Mr, 
■Baume frpall cryfhls. 

The acids difengage it by feizing its alkaline bafe. 

ARTICLE IT. 
Borate cf Soda. 

This combination forms Borax, properly fo called. 

It is brought to us from the Indies j and its origin is 
Hill unknown *. 

The article Borax may be confulted in Bomare's 
Dictionary of Natural Tiiftory. 

* The origin of borax is very well afcertained in two Pa] 
the feventy-ft venth volume of the Philofophieal Tranfacrions, Numbers 
xxvii: and xxix. It is dug. up in a ciyfrallized Hate from the bottom 
of certain fait lakes in a mountainous, barren, volcanic diftridr, about 
twenty-five days journey to the eailwai'd of Lafla, the c; 
liiBgdom of Thibet. T. 
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It does not appear that borax was known to the anci- 
ents. The chryfocolla, of which Diofcorides fpeaks, was 
nothing but an artificial folder compofed, by the goid- 
fmiths themfelves, with the urine of children and rui' 
copper, which were beaten together in a mortar of 
fame metal. 

The word Borax is found for the firft time in the work:, 
of Geber. Every thing which ha;, beer*. mitten line 
that time concerning borax, is applicable to the fubftancc 
which is at prefent known to us by that name. 

Borax is found in commerce in three different Mates. — 
The fir ft is brute borax, tincall , or chryfocolla. It 
comes to us from Perfia, and is enveloped and foiled by 
a greafy covering. The pieces of brute borax have 
almoft all of them the form of a hx-fided prifm, 
flightly flattened, and terminated by a dihedral pyra- 
mid. The fracture of thefe cryftals is brilliant, with 
a greenilh call. This kind of borax is very impure. It 
is pretended that borax is extracted from the Lake of 
Necbal, in the kingdom of Grand Thibet. This lak 
filled with water during the winter, which exhales in the 
iummer ; and when the waters are low workmen enter, 
who detach the cryftals from the muddy bottom, and put 
them into baikets. 

The Weft indies contain borax. It is to Mr. Antony 
Caicra, a phyliciau eftablifhed at Potofi, that we 
indebted for this difcovery. The mines of Riquintipa, 
and thofe in the neighbourhood of Efcapa, afford this 
fait in abundance. The natives life it in the fufion of 
copper ores. 

The fecond kind of borax known in commerce comes 
from China. It is purer than the preceding, and has the 
form of fmall plates cryftallized upon one of their furfaces, 
on which the rudiments of prifms may be perceh 
This borax is mixed with a white powder, which appears 
to be of an argillaceous nature. 

Thefe feveral kinds of borax have been purified at Ve- 
nice for a long time, and afterwards in Holland ; bat 
MeflVs. Laguiller refine it at prefent in Paris : and this 
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purified borax forms the third kind which is met with in 
commerce. 

In order to purify borax, nothing more isneceffary than 
to clear it of the un&uous fubftance which foils it, and 
impedes its folution. 

Crude borax added to a folution of mineral alkali, is 
more completely diiTolved, and may be obtained of confi- 
derable beauty by a firft crystallization ; but it retains the 
alkali made ufe of: and borax, purified in this manner, 
poffeffes a greater portion of alkali than in its crude fl 

The oily part of borax may be deftroyed by calcina- 
tfon. By this treatment it becomes more ioluble, and may 
in fact be purified in this way. But the method is attended 
with a considerable lofs, and is not fo advantageous as 
might be imagined. 

The raoft fimple method of purifying borax, cofififts in 
boiling it ftrongly, and for a long time. This folution 
being filtrated, affords by evaporation cryftals rather foul, 
which may be purified by a fecond operation fimilar to 
the foregoing. I have tried all thefe proceffes in the 
large way j and the latter appeared to me to be the mod 
fimple. 

Purified borax is white, tranfparent, and has a fome- 
what greafy appearance in its fraclure. 

Tt cryflallizes in hexahedral prifms, terminated by 
trihedral and fometimes hexahedral pyramids. 

It has a fiyptic tafte. 

It converts fyrup of violets to a green. 

When borax is expofed to the fire, it fwells up, the 
water of crryftallization is difiipated in the form of vapour ; 
and the fait then becomes converted into a porous, light; 
white, and opake mafs, commonly called Calcined Borax. 
If the fire be more ftrongly urged, it aflumes a party 
appearance, and is at length fufed into a tranfparent glats 
of a greeniili yellow colour, foluble in water ; and whi h 
lofes its tranlparcncy by expofure to the air, in onfe- 
quence of a white eftlorefcence that forms upon its furface. 

This fait reauires eighteen times its weight of water, 
at the temperature of fixty degrees of Fahrenheit's thermo- 
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meter, to difTolve it. Boiling water difTolves one-fixfh of 
its weight. 

Barytes and magnefia decompofe borax. Lime-water 
precipitates the folution of this fait ; and if quick-lime be 
boiled with borax, a fait of fparing folubiiity is formed, 
whi.h is the borate of lime. 

Borax is ufed as an excellent flux in docimaflic opera* 
tions. It enters into the compofition of reducing fluxes, 
and is of the greateit ufe in analyfes by the blow-pipe. It 
may be applied with advantage in glafs manufactories ; for 
when the fufion turns out bad, a fmall quantity of borax: 
re-efrablifhes it. It is more efpecially ufed in foldering. It 
affifts the fufion of the folder, caufes it to flow, and keepfe 
the furface of the metals in a foft or clean It ate, which 
facilitates the operation. It is fcarcely of any ufe in medi- 
cine. Sedative fait alone is ufed by foxe phyficians ; and 
its name fufficiently indicates its application. 

Borax has the inconvenience of fwelling up, and requires 
the greater! attention on the part of the artift who ufes it 
in delicate works, more efpecially when defigns are formed 
with gold of different colours. It has been long a dcfi- 
deratum to fubftitute fome compofition in the room of 
borax, which might polTefs its advantages without its 
defects. 

Mr. Georgi has publifhed the following procefs : — 
" Natron, mixed with marine fait and Glauber's fait, is 
to be diffolved in lime-water ; and the cryftals which fepk- 
rate by the cooling of the fluid may be fet apart. The 
lixivium of natron is then to be evaporated ; and this fait 
afterwards diffolved in milk. The evaporation affords 
fcarcely one-eighth of the natron employed, and the refidue 
may be applied to the fame ufes as borax." 

Meffrs. Struve and Exchaquet have proved that the 
phofphate of pot-afh, fufed with a certain quantity of ful- 
phate of lime, forms an excellent glafs for foldering metals, 
1 — See the Journal de Phyfique, t. xxix. p. 78, 79, 
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ARTICLE III. 



Borate of Ammoniac. 



This fait is ftill little known. We are indebted to Mr. 
De Fourcroy for the following indications : — He diffolved 
the acid of borax in ammoniac, and obtained by evapora- 
tion a bed or plate of cryflals connected together, whofc 
furface exhibited polyhedral pyramids. This fait has a 
penetrating and urinous talte ; it renders the fyrup of 
violets green ; gradually lofes its cryftalline form, and 
becomes of a brown colour, by the contact of air. It 
appears to be of confiderable fallibility in water. Lime 
difengages the volatile alkali. 



PART THE SECOND, 



CONCERNING LITHOLOGY; OR AN ACCOUNT OF STONY 

SUBSTANCES. 



INTRODUCTION. 



HE object of Lithology confifts in the ftudy 
of (tones and earths. 

It is generally agreed to call thofe fubftances by the 
name of Earth or Stone, which are dry, brittle, inodo- 
rous, infipid, fcarccly or not at all foluble in water, and 
o£a fpecific gravity not exceeding 4,5. 

There is no one who has ferioufly attended to the ftudy 
of lithology, without being at the fame time aware of the 
neceflity of eftablifhing divifions to facilitate the Jen owl edge 
of (tones, and to remove the numberlefs difficulties which 
would otherwife oppofe the acquifition of that knowledge. 

It is an obvious difference between living creatures and 
the fubjects of the mineral kingdom, that thefe lad are 
continually modified by external caufes, fuch as air, 
water, fire, &c. while the former, being animated and 
governed by an internal force, poffefs characters of a 
more definite and unchangeable nature. The forms of 
thefe depend upon their organization; and, in general, 
the procedings of nature refpecling them are more conitant, 
and better afcertained. 

The earthy element appears to be paffive of itfelf ; it is 
obedient only to the laws of inanimate bodies; and we 
may rafcr all the phenomena of formation ordecompofition, 
which a (tone is fufceptible of, to the mere law of affinities. 
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This, no doubt, is the caufe of that variety of forms, 
and that mixture of principles, which fcarcely permit the 
naturaliit to eilabiiih his lyilem upon fixed bafes, or to 
found it upon conftant and invariable characters. 

If we take a view of the proceedings of ail the mitu- 
ralifts who have hitherto written, we may eafily reduce 
them to three dafle^i 

i. The firft clafs, carried by the imagination alone to 
that epocha when this globe ifiued from the hands of the 
Creator, have follow >ns of the various deftnic- 

tive agents which alter or overturn its fnrface. In this 
way they have iliewn us the various rocks fuccemvely 
depofited or placed upon the primitive globe; and, by 
furveying the great phenomena which have happened 
upon our planet, they have acquired ideas more or lcfs 
accurate respecting the vaft works of decompofition and 
formation. 

2. Others have bufied themfelves in enquiring, b? 
analyfis, what are the earths or primitive matters out of 
which all the ftones we are acquainted with are compoted. 
r i>.is clafs of philofophers have fupplied us with the moft 
valuable acquiiitions respecting the nature, the ufes, and 
the decon i poll lions of thefe fubftances: but the remits of 
analyfis, though neceffary in acquiring accurate notions 
of each (tone, are not of themfelves fufficicnt to form the 
bafis of a method of chaffing; becaufe thefe character's 
are too difficult to be acquired, and at mod can be rAd 
only as fupplementary in the eftablifhment of fuch other 
methods as may be employed. 

3. Almofl all the fyftems of clafffication hitherttJ 
adopted, are founded upon the external characters of 
earthy fubftances. 

Some naturalifts have fought, in the variety of forms 
exhibited by the productions of the mineral kingdom, 
fuch principles of divifion as to them appeared fufficicnt. 
But not to mention that the fame form frequently oWrni 
in very different ftones, this character is rarely found 
we are ignorant of the cryftallization of mod of the knowtl 
earths: "the cr- anriot therefore be coftfid 

but as an acceiiary cr fem&sj cincarBlh nee. 



i^^lM 



of Earths and Stones. 1 67 

Other naturalifts have eftablifhed their divifions upon 
certain properties eafy to be afcertained, fuch as that ^ of 
effervefcing with acids, giving fire with the fteel, &c. 
Bat thefe chancers do not appear to be fufficieatly ftri&, 
nor fufHciently exclufive; for nothing is more common 
than to find a mixture of the fragments of primitive rocks 
with thofe of calcareous (tones. Our province exhibits 
examples of this every ffep we take; and thefe mixtures, 
hardened by time, poffeis both the fore-mentioned cha- 
rafters. There are alio Hones which, without changing 
their nature, give fire with the fteel, or effervefce with 
acids, accordingly as they are more or lefs divided. 
Such is the lapis lazuli, which effervefces when pulveri- 
zed, but ftrikes fire when in the mafsj the flate like wife 
effervefces when in powder, but not in the majs. The 
claffification, therefore, which is founded on thefe cha- 
racters, is not rigorous, and may at the moil be made ufe. 
of in conjunction with others. 

M. D'Aubenton is the naturalift who appears to me to 
have distributed mineral fubilances with the greatefr. 
order of any who has hitherto undertaken that talk; every 
thing which he fays on this fubject (hews the experienced 
eye of the obferver; and he has drawn from the external 
characters of bodies all the characters pofhble to be had 
from that fource. But he could not avoid the defects 
which neceflarily accompany the principles on which he 
has founded his fyftem. 

Deeply impreffed with a fenfe of the infufHciency of 
thefe methods, as well as of the flight opportunities I 
have pofleffed of improving them, my endeavours have 
been exerted in collecting together all the characters which 
are capable of affording any ufeful indications. In this 
purfuit, I have joined the characters of the naturalift to 
thofe 01 the cheraift; and though the method which 1 
have adopted be very far from that degree of perfection 
which might be defired, I neverthelefs prefent it to the 
public with confidence. It differs but little from that 
followed by Meifrs. Bergmann rwan; a circum- 

ftance which at kail affords a prejudice in its favour. 
The peculiar advantages which, in my opinion, it appears 

Ee 
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to poffefs, are — i. The lithologic produ&ions are didri- 
butcd equally, and into three clalTes. i. All the analo- 
gous produ&ions are brought together, and arranged as it 
were in a natural order. In a word, this fyflem has fixed 
my own ideas in the moft precife manner; and this has 
more particularly induced me to propofe it to the public*. 

The various earths beneath our feet are, in rcneral, 
combinations; - and chemifts, by decompofing thefe fub- 
ftances, have fucceeded in obtaining, in the lad analyfis, 
principles which may be considered as earthy elements, 
until fubfequent acquifitkms (hall either confirm or deftroy 
our ideas on this fa eject. 

The earthy elements moft extensively difuibutecl are five 
in number; namely, Lime, Magnella, Barytes, Alumine, 
andSilex. 

* I cenfider what is here published refpecling Lithology as a firnplc 
and fliort Iketch of the principles which I explain in rny Lectures. 
It would be judging me with too much feverity, if the reader were to 
fuppofe that my prefent defign is to exhibit a complete performance. 

A more intimate acquaintance with this fubject may be obtained by 
the pefufal of the following works : 

i. EfTai d'un Art de Fufion, a l'Aide de 1' Air Vital, par Erhmann. 
Memoiresde M. Lavoifier fur le meme fujet. — MemoiresdeM.DAicct, 
far 1'Action d'un Feu egal, violent, et continu, fur un grand nombre 
de Terres, Pierres, Sec. 

2. The works of Margraff and Pen, more efpecially the Lithogeog- 
nefia of the latter. 

3. Les Pefanteurs Specifiques des Corps, par M. Briffon. 

4. Elements of Mineralogy, by Mr. Kh wan. 

5. Le Manuel du Mineralogiite de Bcrgmann, enrichi de Notes par 
M. l'abbe Monoez. 

6. La Mineralogie de M. Sage. 

7. Les Ouvragcs fur la Cryftallographie de M. de Rome dc Liffej 
de M. l'abbe Hauy, &c. 

8. Le Tableau Methcdique des Mineraux, par M. D'Aubenton. 

9. La Mineralogie de M. le Comte de Buffon ; in which thai 
celebrated writer has collected a great number of valuable facts, whofc 
merit is independent of all theory. 

:, 10. The Mineralngical Works of Meffrs. jars, Dietrich, de Born, 
Ferber, Trebra, Pallas, Cmelin, Linne, Dclomieu de Saufiure de la 
Peyroufe, &c. 

11. The excellent Analyfes of Stones, published from time to time 
by Pott, Margraff, Bayou, B'ergmatin, Gerard, Stheele", Ac' 
Mongez, ccc. 
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We {hall not treat of the other primitive earths announ- 
ced by Mr. Klaproth, in the adamantine (par, and in the 
jargon of Ceylon, becaufe they are yet too flightly known 
and too fcarce, to nave any influence upon oar prefent 
divifion. 

Nature appears to have formed all the mixtures and 
combinations which conflitute (tones, out of the primitive 
earths here fpoken oL 

If we direct our attention to the nature of thefe mix- 
tures and combinations, we fhajl diftinguifh three habi- 
tudes, or modes, which eftabliili three grand divinons. 
We (hall immediately perceive that thefe earths are, in 
fome inftances, combined with acids, which form faline 
(tones; that in other inftances they are mixed with each 
other, and form (tones properly (o called; and that in 
other inflances, again, thefe (tones, fo formed by the 
mixture of primitive earths, are united together, or fixed 
in a gluten or cement, which forms rocks, pebbles, or 
compound (tones. 

We (liall therefore diftinguifh three claiTes in Lithology : 
the firft will comprehend faline (tones; the fecond (tones, 
properly fo called, or earthy mixtures; and the third rocks, 
or (tony admixtures. 

We confider it as indifpenfably necelTary to explain the 
nature of the primitive earths, before we can proceed to 
treat of their combinations. 

I. Lime. 

This earth has been found totally difengaged from all 
combination, near Bath. — See Falconer on the Bath Wa- 
ters, vol. i. p. 1 56 and 1 57. But as this is perhaps the only 
obfervation of the kind which we pofTefs, it is indefpen- 
fably necefiary to (hew the procefs by which lime may be 
obtained in a (bate of the greater! purity. 

For this purpofe chalk is to be waflied in boiling dif- 
tilled water, then diflblved in diftilled acetous acid, and 
precipitated by the carbonate of ammoniac, or mild vola- 
tile alkali. The precipitate, being waflied and calcined, 
is pure lime. 

This earth poffeffes-the following characters : 
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1. It is fblublc in fix hundred and eighty times its 
weight of water, at the temperature of fixry degrees of 
Fahrenheit. Kir wan. 

2. ft has a penetrating, acrid, and burning tafle. 

3. Its lpecrac gravity is about 2,3 according to Kir- 
1., and 2,720 according to Bergmann. 

4. It feizes water with great avidity ; at the fame time 
that it fails into powder, increafes in bulk, and emits heat. 

5. Acids difibive it without effervefcence, but with the 
production cf hear. 

6. The borate of foda, cr borax, the oxides of lead, 
and the phofphates of urine, diiioive it by the blow-pipe 

at effervefcence, 

It appears to be infufible alone, as it has refilled the 
heat of flame urged by a dream of vital air. — See the 
Memoir of Mr. Lavoifier. 

Wh;n it is mixed with acids, it forms a fufible combi- 
nation ; and it haflens the fufion of aluminous, filkeous, 
and magnefian earths, according to the experiments cf 
e/Ieffrs. Darcet and Bergmanm 

II. BarytesJ or Ponderous Earth. 
: We are. indebted to the celebrated chemids Gahn, 
Scheele, and Bergmann for our knowledge of this earth. 
^ It has net yet been found exempted from all combina- 
tion; but in order to obtain it in a fuitabje degree of purity, 
the following procefs may be trfed : 

The fulphate of baryics, or ponderous fpar, which is 
the mod ufual combination met with on the earth, is to 
be pulverized, and calcined in a crucible, with an eighth 
part of powder of charcoal : the crucible mull be kept 
ignited during an hour; after which the calcined matter 
jjrS to be thrown into water : jt communicates a yellow 
colour 'jo this fluid, at the fame time that a ftrong 
fmell of hepatic gas is emitted ; the water is then to be 
littered, and muriatic acid poured in : a considerable pre- 
cipitate falls down, which mult be feparated" from, the 
Huid by filiation. The water which pafles through the 
fiter'holds the muriate of barytes, or marine fait of pon- 
gerous earth, infolution. The carbonate of pot-afh, or 
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mild vegetable alkali, in folution, being then added, the 
ponderous earth falls down, in combination with the car- 
bonic acid ; and this lad principle may be driven off by 
calcination. 

i. Pure barytes is of a pulverulent form, and extremely 
white. 

2. It is foluble in about nine hundred times its weight 
of diftilled water, at the temperature of fixty degrees, 
according to Kirwan. 

3. The Pruffiate of pot-afti, or Pruffian alkali, preci- 
pitates it from its combination with the nitric and muriatic 
acids. This habitude diftinguimes it from other earths. — 
See Kirwan. 

4. It precipitates alkalis from their combinations with 
acids. 

5. Barytes expofed, by Mr. Lavoifier, to flame fed with 
oxigenous gas, was fufed in a few feconds: it extended 
itfelf upon the furface of the coal ; after which it began 
to burn and detonate until the whole was nearly diffipated. 
This kind of inflammation is a character common to me- 
tallic fubftances ; but when the barytes is pure it is per- 
fectly infufible. — See Lavoifier. 

Ponderous earth urged by the blow-pipe makps little 
efFervefcence with foda, but is perceptibly diminiflied : it 
diiTolves in the borate of foda with efFervefcence, andflill 
more with the phofphates of urine. — See the abbe 
Mongez' Manuel du Mineralogifte. 

6. Its fpecific gravity exceeds 4,000, according to 
Kirwan. 

III. Magncfia, or Magnefian Earth. 

This earth has been no where found difengaged from 
all foreign fubftances ; but in order to obtain it in the 
utmoft poffible (late of purity, the cryftals of the fulphate 
j of magnefia, or Epfom fait, are to be diflblved in diftilied 
water, and decompofed by the carbonate of alkali. The 
precipitate muft then be calcined, to difengage the carbo- 
nic acid. 

1 . Pure magnefia is very white, very friable, and, as 
j] v/ere, fpongy. 
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2. Its fpeclfk gravity is about 2,33, according to Kirwan, 

3. It is not perceptibly folublc in water when pure; 
but when it is combined with the carbonic acid, it is folu- 
ble j and cold water has a ftronger action on it than hot, 
according to the experiments of Mr. Buiini. 

4. It has no perceptible action on the tongue. 

5. It flightly converts the tincture of turnfole to a green. 

6. Mr. Darcet has obferved, that a flrong heat 
agglutinates it more or lefs ; but Meffrs. De Morveau, 
Butini, and Kirwan, found that it was not fufible ; and 
the experiments of Mr. Lavoifier have proved that it is 
as infufible as barytes and lime. t 

The borate of foda, and the phofphates of urine, dit- 
■folve it with effervefcence. — See the abbe Mongez. 

IV. Alumine, or Pure Clay. 

This earth is not more exempt from mixture and com- 
bination than the foregoing ; and in order to obtain 
it in a (late of purity, the fulphate of alumine is diflblved 
in water, and decompofed by effervefcent alkalis. 

1. Pure clay feizes water with avidity, and may then 
be kneaded. It adheres ftrongly to the tongue. 

2. Its fpecific gravity does not exceed 2,000, accor- 
ding to Kirwan. 

3. When expofed to heat, it dries, contracts, fhrinks, 
and becomes full of clefts. A considerable degree of 
heat renders it fo hard that it rives fire with the ftccl. 

O 

When it has been well baked, it is no longer capable 
of uniting with water ; but requires to be diflblved in an 
acid, and precipitated, in order that it may refume this 
property. 

The experiments of Mr. Lavoifier fliew that pure 
alumine is capable of an imperfect fufion, approach 
to the confidence of parte, by heat excited by a current 
of vital air. It is then transformed into a kind of very 
hard flone, which cuts glafs like the precious (tones, 
and which very difficultly yields to the file. 

The mixture of chalk fmgularly afiifts the fufion of 
.this earth : it is fufible in a crucible of chalk, accori: 
to Mr. Gerhard, but not in a crucible cf clay. 



Silex, or Vitrifiable Earth. l J j\ 

The borate of foda, and the phofphates of lime, dif- 
folve it. — See Kirwan and the abbe Mongez. 

According to the experiments of Mr. Dorthes, the 
pureit native clays, and even that which is precipitated 
from alum, contain a fmall quantity of iron in the flate 
of oxide; and it is from this principle that the earthy 
fmell which is emitted by moillened clays, arifes : it is 
very difficult to deprive them of it. 

V. Silex, or Quartzofe Earth, Vitrifiable Earth, &c. 

This earth exifts nearly in a flate of purity in rock 
cryflal. But when it is required to be had in a flate of 
purity free from all fufpicion, one part of fine rock 
cryflal may be fufed with four of pure alkali. The 
fufed mafs mull then be diffolved in water, and precipi- 
tated by an excefs of acid. 

i. Pure fllex pofTefTes a fingular degree of roughnefs 
and afperity to the touch. It is abfolutely void of all 
difpofition to adhere ; and its particles, when agitated 
in water, fall down with extreme facility. 

2. Its fpecific gravity is 2,65. 

3. Bergman had affirmed that water might diiToIve 
it; and Mr. Kirwan has pretended that 10,000 parts of 
water might hold one of filex in folution, at the ordinary 
temperature of the atmofphcre ; and might even take up 

t a greater quantity at a higher temperature. 

The fluoric acid diffolves it ; and lets it fall when it 
comes in contact with water, or when it is coniiderably . 
cooled. 

5. Alkalis diffolve it in the dry way, and form glafs ; 
but they attack it likewife in humid way, and are capable 
of diffolving oiie-fkth part of their weight when it is in a 
flate of extreme diviiion. 

6. The burning mirror does not fcfe it ; but a cur- 
rent of vital air produced a commencement of fufion on 
its furface. — Sec Lavoifk 

Before the blow-pipe foda diffolves it with effer- 
velceiKv. The boraie of k ilowly, and 

without ebullition. 
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CLASS I • 

Concerning the Combination of Earths with Acids. 

This clafs, which comprehends the combination of 
primitive earths with acids, naturally exhibits five genera. 

G E N.U S I. 

Earthy Salts with Bafis of Lime. 

The combination of lime with various acids affords the 
feveral fpecies of calcareous falts comprehended in this 
genus. 

SPECIES I . 
Carbonate of Lime, or Calcareous Stone. 

The combination of lime with the carbonic acid is 
very commonly met with, and comprehends all the (tones 
which have hitherto been diftinguifhed under the names 
of lime-ftone, calcareous {tone, &c. 

The characters of the carbonates of lime are — i . They 
effervefce with certain acids. 2. They are converted 
into lime by calcination. 

The formation of thefe (tones appears to us to be, 
for the mod part, owing to the wearing down of Ihells. 
The identity of the conftituent principles of (hells and 
calcareous (tones, and the prefence of thefe (lime (hells, 
more or lefs altered, in the lime (tone mountains, autho- 
rize us to conclude that a great part at lead of the calca- 
reous mafs of our globe owes its origin to this caufe c 

Though our imagination appears to affent with diffi- 
culty in referring effects of (o wonderfully extenfive a 
nature to a caufe apparently fo weak, we are compelled 
to admit it when we take a flight view of the known. 
hiftory of (hells. 

In fa£r, we obferve the numerous clafs of (hell animals 
which poffefs this (tony covering almo(t at the inftant of 
their origin. We fee it infeuiibiy become thick and 
enlarged by the apportion cf new coverings } . 



Carbonates of Lime. *75 

fiiell at length comes to occupy a volume fifty or fixty 
times larger than that of the animal which produced it. 
Let us coniider the prodigious number of animal's which 
emit this (tony tranfudation : let us attend to their fpeedy 
augmentation, their multiplication, and the fhort period 
of "their life, the mean term of which is about ten years, 
according to the calculation of the celebrated Buffon ; 
let us multiply the number of thefe animals by the mafs 
of (hell they leave behind them — and we ftiall then arrive 
at the mafs which the (hells of one (ingle generation ought 
to form upon this globe. If we proceed further to con- 
iider how many generations are extinct, and how many 
fpecies are loft, we (hall be no longer furprifed to find 
that a confiderable part of the furface of the globe is 
covered with their remains. 

It may eafily be conceived that thefe (hells, when 
carried along by currents of water, mull ftrike together, 
and wear their refpective furfaces ; and that their pul- 
verulent remains, after being long carried about and 
fufpended by the waters, mull at laft fubfide, and form, 
heaps or banks of {Hells, more or lefs altered according 
to circumftances. 

But whatever may be admitted as the origin of this 
flone, it is found to exift in two principal dates ; that is 
to fay, either in the form of cryftals, or of irregular 
maues. 

I; Cryftallized Calcareous Stones. 

A concurrence of circumstances which very feldom meet 
together, is required, in order that cryftailization may 
take place. This is, doubtlefs, the reafon why fpars and 
calcareous cryftals compofe the fmalleft part of this genus. 
Thefe cryftals are found in the cavities of calcareous 
mountains ; in the clefts which penetrate into the internal 
part of (tones of this clafs ; and generally in all places 
where waters find accefs, after having worn down calca- 
reous (tone to a ftate of extreme attenuation, nearly cor- 
refpondent to folution. 

Calcareous (tone, rnj.ts cryftallized (late, prefents us 
with feveral varieties of form ; but therhomboidal figure 
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Calcareous Spar. 

appears' to be the mod conftant and the mofl general. 
The environs of Alais abound with rhomboidal fpars of 
the greateft beauty ; they are tranfparent like thofe of 
Iceland, and double objects in the fame manner. 

It often happens that a group of rhomboidal cryftate 
exhibits at its furface a number of pyramids more or left 
prominent, which confift of the angles of rhomboids of 
different degrees of length. It cannot but be admitted, 
with Mr. Rome de Lille, that the pyramidal form is a 
flight modification of the rhomboid ; for if a pyramid of 
fpar be broken, it is reduced into elements of a rhom- 
boidal figure. 

The principal varietiesof the pyramidal form are deduced 
more efpecially from the number of their fides ; and when 
the pyramid is long and fharp, it is called dog-tooth fpar, 
or hog-tooth fpar. 

Calcareous (tones often affect the prifmatic form ; and 
this is likewife attended with fome varieties. 

The prifm is frequently fix-fided and truncated ; fomc- 
times it is terminated by a trihedral pyramid ; and when 
the prifm is very fhort, and its fummit is almoft entirely 
in contact with the ground, the cryftal is known by the 
name of Lenticular Spar. 

All the varieties of form which cryftallized calcareous 
flones have hitherto prefented, may be feen in the Cryf- 
tallography of Mr. Rome de Lille. 

The fpeciflc gravity of calcareous fpars is about 2.700 
when pure, according to Kirwan. 

They contain from thirty -four to thirty-fix parts of car- 
bonic acid, and from fifty-three to fifty-five of earth ; the 
reft is Water.-^-See Kirwan. 

; Spars often exhibit a fmooth uniform furface, upon 
which the fulphuric acid takes but flight hold : they 
are fometimes contaminated with iron, which gives them 
various tinges. 

II. Calcareous Stones which are net cryftallized. 
Few calcareous flones affect any regular form: fhey 
lie almoft always in ftrata, or JSHttenfe "blocks thrown or 
heaped together 011 the furface of the globe, in which we 
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cannot reafonably pretend to difcern any primitive defign 
of cryftallization. The notion itfelf which we have of the 
formation of thefe mountains, and the flratified difpofition 
of their parts, does not allcrw us to difcern any other effect: 
than the natural confequence of the flowing of water, 
which mud have occafioned a contraction, and difpofed 
the rocks in ftrata or beds. 

It feems to me that two very natural divifions may be 
eftablifhed among calcareous flones which are not cryftal- 
lized : for they are either fufceptible of a perfect polifh, 
in which cafe they are called marbles and alabaflers ; or 
they are not fufceptible of this polifh, in which cafe they 
are called friable earths, tufa, &c. 

A. Calcareous flones fufceptible of a perfect polifh. 

Although it be proved from the experiments of chemifls, 
and more efpecially from thofe of Mr. Bayen, that mar- 
bles contain a greater or lefs proportion of clay, we are 
under the neceflity ef placing "them here; becaufe the 
calcareous earth predominates to fueh a degree, that they 
cannot with propriety be placed elfewhere *, and becaufe 
they poflefs, all the characters of lime-ftone.- 

Marbles differ from other calcareous flones by the polifli 
of which they are fufceptible ; and they are diflinguifhed 
from each other by their colours. 

White marble is ufually the purefl. We are- acquainted 
with the marble of Carrara, and the ancient ftatuary 
marble of Paros. 

Black marble is coloured either by a bitumen or by 
iron. Mr. Bayen found this metal in the proportion of 
five parts in the hundred. When it is veined by pyrites, 
it is called Portor. 

There are an infinite number of varieties of coloured 
marble. The colouring part is in general owing to the 
alterations of the iron, which fometimes is obedient to 
the magnet, according to an obfervation of Mr. De Liile 
Blue and green marbles owe their colours to a mixture 
of fchorle, according to Rinmann in his Hiflory of 
Iron. 

The marble which prefents the figure of fliells appears 
to be formed fimply out of a heap of fliells connected by 
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a calcareous cement; it is known by the name of Luma- 
chello. That of Bleyberg in Carinthia forms one of the 
mod beautiful fpecies. 

The marble which is called figured marble, exhibits 
either traces of vegetables, as that of Heffe; or ruins and 
rocks, like that of Florence. The dendrites appear to 
be formed merely bv ferruginous infiltrations through the 
cracks of thefe flones. 

Several naturalifts have mentioned flexible marble. 
Father Jatquier defcribed this in 1764, in the Gazette 
Litteraire; and the abbe t)e Sauvages has communicated 
to the Academy of MontpelSier a defcription of the plates 
of flexible marble which are in the Palais Burgeois. 

Alabaflers are calcareous ftones of the nature of marble: 
they appear to be formed like the flalactites, and are 
fomethncs adorned with the moll beautiful colours: thefe 
in general pollers a certain tranfpareney, with a ftrati- 
form texture varioufly coloured, and caufe a double refrac- 
tion of the light when they are fuflkiendy tranfparent, 
In the treatife of Mr. Briffon on the fpecific gravities cf 
bodies, the reader will find the remit of his valuable 
experiments on that of marbles, alabaliers, and generally 
all the calcareous flones. 

B. Calcareous ftone not fufceptible of a perfect, polifn. 

Calcareous iior.es which are not fufceptible of a per- 
fect polifh, are found either in unifies, or in the pulveru- 
L-nt form; which circamftance will afford a foundation 
for our natural diftincfion. 

i. Solid calcareous ftone is in general the ftone ufed 
for building; and this is found in feveral varieties, differ- 
ing in fmenefs of grain, porofity, colour, confidence, or 
v-u,br. Thefe are gradations which ei'lablifh the fevml 
qr : ' flones; and are the caule why one hardens 

in the air, while another is decomposed. On thefe feve- 
ral accounts it Is that the reipective varieties are applied 
' to various ufes; and it is the bufinefs of the fkilfcl artiil 
who ufes them to diilinguifh their qualities. 

In the Q1 mber of thefe (tones ufed for building, there 
are feme which imbibe and retain water,- in coniequence 
of v. hich they are buril or crumbled by the frofl ; whereas 
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others fuffer the water which they originally contained to 
efcaoe, and become harder by the contact of the air. 

2 Calcareous (lone is fometimes found in the pulve- 
rulent form. Chalk is of this kind ; and when it is white, 
and very finely divided, it is formed into thofe maflcs 
known in commerce by the name or Spanifli Wnite. 
For this purpofe it is agitated in a veflel with water. 1 he 
foreign fubftances, fuch as flints, pyrites, &c. are preci- 
pitated; the water is then decanted; and the chalk, 
which is held fufpended, very foon fubfides: this is dried, 
and divided into long fquare pieces, to form the Spanifli 

White. . . 

When a natural ftream of water wears away this chalk, 
and afterwards depofits it, the refult has been diftinguiflied 
by the name of Gurrh; and when this porTeffes a certain 
confidence, arifing from the mixture of argillaceous and 
magnefian earths, "it is diftinguiflied by the name of Agaric 
Mineral. 

As calcareous earth is fufceptible of extreme divifion, 
the water which wears it away, and is afterwards filtered 
through the clefts in rocks, depofits it gradually, and 
forms' thofe ineruftations known by the vulgar under the 
name of petrifactions, and by that of Stalactites among 
naturalifts. 

Thefe calcareous depofitions very frequently preferve 
the form of fuch fubftances as they have covered, and 
prefent figures of mofs, roots, fruit, &c. which has given 
rife to an opinion that thofe fubftances were transformed 
into (lone. 

The increafe of ftaiiactites being accomplished by addi- 
tion to their external furfaces, their texture exhibits con- 
cen ,r ic coats of different {hades, accordingly as the water 
may have been charged with different colouring principles. 

The cavities which are frequently found in calcareous 
mountains are often lined with ftalactites; and thefe 
grottos form one of the mofl ftriking appearances which 
can prefent itfelf to the eyes of the naturalift. 

The grandeur of thefe fubterraneous places, the abfence 
of light, the feeble glimmering of a torch, which only 
half enlightens the furrc-imcling objects, render thefe 
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regions gloomy, majeftic, and impofing. The multipli. 
city of figures, the variety of forms, and their refeiu- 
blance to other objects, never fail to caufe a high degree 
of aftonifhment in the mind of the mineralogical Undent. 
Among the infinite number of thefe forms, there are fome 
which are very agreeable, fuch as theflos ferri, cauliflow- 
ers, lace, or fringes. Other very Angular figures are 
likewife found, fuch as the priapolithes, pifolithes, 
oolithes, &c. 

Mr. Lougeon of Ganges has obferved, in the grotto 
called Des Demoifelie.s, a number of forms fa varied and 
ftrange, as to exhibit a very aftoniftring cohesion. 

Thefe tranfudations, or rather thefe ftony depofitions, 
have given rife to a belief in the vegetation of (tones. 
The celebrated Tournefort was of opinion that he had 
obferved nature in the very facl, in the famous grotto of 
Antiparos, where he faw inferiptions engraved in the 
flone, but afterwards converted into reliefs. Baglivi has 
written a treatife- on the vegetation of flones, in which he 
cites many facts of this nature. 

^ All the world is acquainted with the depofitions of the 
fpring in the vicinity of Clermont; but the moil furprifing 
of a.11 petrifying waters is that of Guancavelica in Peru, 
Barba, D. Ulloa, and Frezier, have given us a defcrip- 
tion of it. Feuil-le informs us that this water riles very 
hot in the middle of a fquare bafon, and becomes petre- 
ficd at a fmall di fiance from the fpring. The water is of 
a yellowifh white, and the incruflations have been ufed 
to build the houfes of Guancavelica. The workmen fill 
moulds with its water, and fome days afterwards they find 
them incrufled with this ftone. The flatuaries expofe 
their moulds in this fpring, and have only to give the 
polidi in order to render their flatucs tranfparent. All 
the ftatues ufed in religious ceremonies, by the catholics 
of Lima, are of this fubftance, and are very beautiful. — 
Journal des Obfcrv. torn. i. 434. 

In the year 1760, Mr. Vegni devifed a method of 
making a fimilar ufe of the very white chalk which is con- 
tained in the waters of the baths of St. Philip in Tufcany. 
For this purpofe the water is fullered to run for the fpace 
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of near a mile, in order that it may depofit the fulphur, 
the felenite, and the tufa which it contains ; and in this 
purified ftate it is ufed in the fabrication of has reliefs. It 
is introduced at the roof of a building, into a clofet con- 
itru&ed of planks fitted together. The water falls from 
twelve to fifteen feet in height, upon a wooden crofs pla- 
ced on a poft; by which Vail it is divided, and dallies 
laterally again ft fulphur moulds, which are placed on the 
fides of the cabinet. In this way it depofits the particles 
of the earth which it contained, and the mould becomes 
filled. Mr. Vigni placed the moulds upon pieces of wood 
which are moved circularly. This alabafter is as hard as 
marble; and the incruftation is more beautiful, and 
harder, in proportion as the pofition of the mould is more 
vertical, and its diftance greater. 



T^he Analyfis and Ufes of Calcareous Stone. 

In 1755, Dr. Black proved that calcareous (lone pof- 
feftes, as one of its component parts, an air different from 
atmofpheric air. He afferted that calcareous fione when 
deprived of this air by calcination, forms lime; and that 
lime might again, pafs to the ftate of calcareous {tone 
by renaming the principle it had been deprived of. In 
1764, Macbride fupported this doctrine by new facts. 
Jacquin added other experiments to theffe; and proved 
that lime and alkalis owe their cauilicity to the fubtrac- 
tion of this fixed air, at the fame time that he pointed ouc 
feveral methods of depriving them of it. 

The procefTes which are moll codftii fd for the 

decompofition of lime-done, are fire a ; '.he fir It is, 

ufed in the making of lime; the fecond in laboratories, 
when it is intended to procure the carbonic acid. 

In order to form lime, the calcareous llcne is calcined 
in furnaces, whofe conitruction is varied accoring to the 
nature of the Combuftibles made Life - 

When pit-coal is tiffed, , ed cone is conftrucled 

of verifiable (lone, which is filled by alternate ftrata of 
coal and lime-done; and the lime is taken out, after the 
operation, by au aperture . \ • In proportion as 



7> 



f 



/' 

j 32 Fabrication of Lime. 

the raafs fubfides, care is taken to fupply the furnace sf 
the top, in order that the flame and heat may not be loft. 

Bergmann has obferved that mod fpecimens of calcare- 
ous (tone which become black or brown by calcination, 
contain manganefe, and that the lime which they produce 
is excellent. 

According to Rinmann, the white calcareous ftoncs 
which become black by calcination, contain about one 
tenth part of this fubftance. 

Calcination deprives lime-fcone of the acid and water 
which it contained. Thefe two principles are evidently 
replaced by the matter of heat itfelf. The odour of fire 
which quick-lime emits \ the light which it affords when 
flackend in a dark place; the colour which it communi- 
cates to the lapis caufticus; the property which it poffef- 
fes of producing the oxide and the glaffes of lead — all 
prove to us, as Mr. Darcet obferves in the Journal de 
Phyfique for 1783, that in proportion as the calcareous 
Hone is deprived of the aeriform principle, it combines 
with the igneous principle, which cannot be difplaced but 
by the way of , affinities. The beautiful experiments of 
Meyer, when diverted of all theory, prove the fame 
thing. 

It is proved, from the experiments of Dr. Higgins, 
that the beft lime is that which is made with the hardeft 
and mofl compact ftone broken into fmall pieces, and 
heated flowly, until the furnace is become of a white 
heat. This heat mud be kept up until the ft one is no 
longer capable of effervefcing with acids. The lime be- 
comes over-burned if the ignition be carried to a greater 
degree ; and the produce is then a frit, which is no 
longer capable of being divided in water, or of refuming 
with avidity the principles it had loft. 

When pieces of calcareous ftone of different fizes are 
calcined, the iime will not all be of equal goodnefs ; the 
fmall pieces confiding of over-burned lime, while the 
larger pieces are fcarcely altered in their central parts. 

The bed: lime is that which is the moft quickly divided 
byimmerfion in water, and affords the greateft quantity 
of heat in this prbcefs, which caufes it_ to fall into the 
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fined powder. Good lime fliould likewife difiblve in the 
acetous acid without effervefcence, and leave the lealt 
poflible quantity of refidue. 

- Lime continually endeavours to refume the acid and 
t\\e water of which the (lone was deprived by calcination : 
confequently, when it is left expofeq to the air, it cracks, 
becomes heated, falls into powder with, an increafe of 
bulk, and refumes the property of effervefcing. It is 
therefore of importance to ufe lime newly made, if the 
artift be defirous of poffeili ng its whole force. 

Lime is fparingly foluble in water, and this folution 
is called lime-water 5 the lime may be precipitated by 
means of carbonic acid, which regenerates calcareous 
ftone in the form of a precipitate. 

Lime-water is ufed to indicate the prefecce, and deter- 
mine the proportion, of carbonic acid in any mineral 
water. 
Phyficians prescribe, it as an abforbent and detergent. 
When lime-water is left in contact, with the air of' the 
atmofphere, a pellicle is formed at its furface, known by 
the name of the cream of lime j this is the regenerated 
calcareous (lone. 

The fuperb bafon of Lampi, one of the two principal 
refervoirs which fiirnifh the Royal Canal of Languedoc 
with water, was found to leak at the jun&ion of the 
ftones. The Ikilful engineer who directs thefe works, 
Mr. Pin, caufed lime to be flacked ; which, palling through 
thefe fmall apertures, becaufe fupplied with carbonic acid, 
and formed a emit, or very white covering, over its whole 
furface : fo that all the ftones of this fine piece of mafonry 
are connected together by this cement ; and at prefent 
apnftitute one iingle undivided fubftance, impenetrable to 
water. 

The regeneration of calcareous ftone is very flowly 
effecled by the proceffes hitherto defcribed. But this 
may be expedited by prefenting to the lime the principles 
with which it 10 ftrongly tends to combine ; this is accord- 
d:mt in works in the large way. 
Lime is ufually flacked by pouring abundance of water 
opon |t. . .. ■ .. it is thus excited-; the lime falls 



G S 



r 1S4 Mortar of the Ancients. 

down into powder, and a pafte is afforded by ftrongly 
working the lime together in proportion as it becomes 
faturated. 

The count Razoumoufld has taken advantage of the 
heat which is difengaged when lime is flacked, to combine 
the lime with fulphur. 

The degree of heat proper to effect this combination is 
70 of Reaumur. At this point the fulphur, which is 
placed in contact with the lime, liquefies, becomes of a red 
colour, and forms a true fulphure or hepar of lime. 

Mortar is made fimply by working fand, or other bodies 
infoluble in water, together with flacked lime. 

We are acquainted with two kinds of fand at Mont- 
peliier ; pit fand, and river fand : the former is almoft 
always altered by a mixture of vegetable and calcareous 
earth, which weaken its efficacy ; the fecond is purer, 
and better fuited for the purpofe. Inflead of fand, the 
fragments or dull of (tone may be ufed : the angles which 
thefe fragments prefent, and the roughnefs of their fur- 
face, contribute to give a confidence to the mortar. 

The hardening of mortars appears to be owing merely 
to the progreflive regeneration of lime-flone. They do 
not obtain the greateft degree of hardnefs of which they 
are fufceptible, until they have refumed all the carbonic 
acid of which the (tone was deprived : and this operation 
is very flow, unlefs the combullion be facilitated by well- 
known methods, which confifl in mixing fubftances with 
the mortar which contain either the carbonic acid, or a 
principle analogous to it, fuch as vinegar. 

It is this regeneration of lime-flone, which is effected 
by the lapfe of time, that explains to us why the hardeft 
ftones afford the beft lime ; and why old mortars are 
found to poffefs a degree of hardnefs which modern artifls 
have no hopes of attaining. 

The remains of ancient buildings have induced certain 
philofophers to conclude, that the ancients were in poifef- 
fion of very valuable proceffes for the making of mortar. 
Mr. De la Faye was of opinion, that thofe enormous 
maffes, in which the perfection of the mechanical proceiTcs 
of the ancients only was admired, were made by coffer 
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work ; and he imagined that he had difcovered, in Vitru- 
vius, Pliny, and Saint Auguftin, that their procefs to 
cxtinguiih lime differed from ours ; and that the great 
difference which appears to exift between the ancient and 
modern mortars depends more particularly upon this 
circumftance. Thefe interefting refearches have induced 
him to propofe that the lime mould be put into a balket, 
and fuffered to Hack in the air; as he thinks by this 
means it would preferve a greater degree of force, and 
be lefs weakened than by the uiiial procelTes. 

Loriot has attributed the fuperiority of the mortars of 
the ancients to the means which they ufed to dry them 
fpeedily ; and in confequence of thefe principles he mixes 
pounded bricks with flints, works the whole together with 
flacked lime, and dries the mafs with one-fourth part of 
quick-lime. Care mufl be taken to ufe only lime which 
is finely pulverized and fifted ; for otherwife the mortar 
would crack, and be very imperfect. 

Nature fometimes preients to us a fuitable mixture of 
lime-Hone and fand, to form an excellent mortar without 
any mixture o( extraneous fubitances. Mr. De Morveau 
found this lime-ftcne in Burgundy; Mr. De Puymaurin 
has defcribed a fpecies which he found in Berne ; and I 
have obferved in Cevennesa natural mixture of this kind, 
in which the proportion of materials was fo well afforted, 
that nothing more was neceffary than to calcine it, and 
cxtinguiih it in water, to form an excellent mortar. 

SPECIES II. 

Sulphate of Lime, Gypfum, Selenitc, Plafter Stone, 

The Plafter Stone lofes its tranfparency by calcination; 
at the fame time that it becomes pulverulent, and acquires 
the property of again feizing the water of which it had 
been deprived, and refuming it hardnefs; it does hot 
give lire with the fteel, nor effervefce with acids. 

We are more particularly indebted to MargrafF for 
our acquaintance with the conftituent principles of plailer ; 
and from fubfequent experiments the following proportion 
of the fame principles has been affigned. One hundred 
parts of gypfum contain thirty fulphuric acid, thirty-two? 
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pure earth, thirty-eight water; it lofes nearly twenty per 
cent, by calcination. 

We begin to be equally acquainted with the formation 
of this done. The chevalier De Lamanon has aflerted, 
that the numerous quarries of plafter which are found in 
the vicinity of Paris, are the depofition of an ancient 
fluviatile lake, formed by the Seine, Loife, and Marne, 
which flowed off on the fide of Meulan. The wrought 
iron, and the various remains of animals which are found 
at the bottom of the quarries of Mont Matre, ihew thr.t 
its formation is not very ancient ; and the indefatigable 
naturalift here cited confiders the felenite as originally 
difperfed in the water, precipitated in confequence of it? 
fparing folubility, and heaped together in places determi- 
ned by currents, waves, and other circumftances. 

Thefe facts, highly interefting as they are in the natural 
hi (lory of plafter, are inefficient for the chemift who is 
defirous of knowing likewife in what manner, and under 
•what circumflances, the combination of the fulphuric acid 
and lime is made. I mall proceed to communicate fome 
obfervations which our province affords. 

i'. I have obferved in a black and pyritaceous clay of 
Saint Sauveur, extracted out of the work called Perce- 
ment Dillon, many final! needle-formed cryflals of felenite, 
from four to ei slit lines in length. At the furface of the 
i'o'A where the fame clay is more decompofed, cryftals of 
the fame nature, but longer, thicker, and more numerous, 
are alio found. 

i. The marly and pyritous clay of Caunelle, near 
MciTon, abounds with beautiful cryftals of rofe-colouird 
plafter, in the form of cocks-combs, obferved by Mr. 
Dorthes. 

3. The plafter quarry of La Salle exhibits almoft alter- 
nately ftrata of pLfter and ftrata of black and pyritous 
clay, which efflorefces in the air. 

4. Near the bridge of Herepian, on the declivity of 
Cafcaftel, at Gabian, and in many other -places, I have 
conftantly found cryftals of gypfum mixed and confounded 
with pyritaceous clays. 

5. The fulphureons depofitions of folfatara often con- 
tain cryftals of felenite, 
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From thefe facts it appears to me that the formation of 
gypfum may eafily be conceived. It is not formed 
excepting in places where pyrites and clay more or Ids 
calcareous are found together : that is to fay, its formation 
appears to be dependent on, and connected with, the 
prefence of fulphur and lime, 

Whenever, therefore, the pyrites is decompofed, the 
fulphuric acid which thence arifes feizes the lime, and 
efflorefces in fmall cryftal's, which are carried off by the 
water, and fooner or later depofited. I have obierved 
perceptible depolitions of pjaiter on the banks of rivulets 
which wafh pyritous clays. I have likewife feen depoii- 
tions of the fame nature in rivers whofe waters have been 
flrongly concentrated by the burning heat of our fummer. 
And confcquently, if we fuppofe felenite to be difperfed 
in more conliderable mafies of water, there will be no 
difficulty in conceiving the formation of thofe ftrata which 
the plafter quarries exhibit. 

Meifrs. De Cazozy and Macquart have obferved the 
tranfition of the gypfum of Cracovia to the ftate of calce- 
dony. When the nucleus of calcedony is determined, 1 * it 
increafes perceptibly in the courfe of time, even in obi- 
nets; which proves that the quartzofe juice, when once 
infiltrated into plafter, combines with the lime, and 
determines this transformation. 

Mr. Dorthes has prove that the quartz, in cocks-combs 
at Paffy, owed its origin to plafter; that this laft fubftance 
having been carried away by folution, the quartzofe juice 
has taken its place. Natural hiftory exhibits feveral of 
thefe metamorphofes. 

Gypfum is found in the earth in four different Mates. 

i. In the pulverulent and friable form, which confti- 
tutes gypfeous earth, foilil flour, &c. ' 

i. In folid maiTes, which conftitute plafter-ftcne. 

3. In ftalactites, or fecondary depofitions. In this 
place we may arrange the ftriated filky gypfums, the cau- 
liflowers, the gypfeous alabafters, and that prodigious 
variety of forms which the ftalactites affumes, whatever 
may be its component parts. 

4. In determinate cryftals, which ufually exhibit the 
following forms. 
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The compreffed tetahedral rhomboidal priim. 

2. The hexahedral prifm truncated at its furarait, 

3. The decahedral rhomboid. I apprehend that the 
lenticular gypfum may be referred to this lafl form, as it 
appears tome to be compofed of feveral rhomboids united 
together fide-ways. At all events I have, as the laft 
refult, obtained the rhomboidal form, by decompofing 
this variety. 

The colour of gypfum is fubjeel: to a great number of 
varieties, which are the figns of various qualities relative 
to its ufes. The white is the mod; beautiful, but fome- 
times it is grey; and in this cafe is lefs efteemed, and lefs 
valuable. 

The feveral dates of the oxides of iron, with which it 
abounds in greater or lefs quantities, conftitute its rofe- 
coloured, red, black, &c. varieties. 

The fpechic gravity of gypfum varies according to its 
purity.—- See Meffrs. Briffon and Kirwan: the latter 
found it fometimes of the weight of 2.32, and fometimes 
1.87. 

It is foluble in about five hundred times its weight of 
water, at the temperature of 60 degrees of Fahrenheit. 

When it is expofed to heat, its water of cryftallization 
is diflipated, it becomes opake, lofes its confidence, and 
falls into powder. If it be moiftened, it becomes hard 
again, but does not refume its tranfparency ; a circum- 
fiance which appears to prove that its firft (late is a Hale 
of cryflallization. 

If it be kept in a fire of confidcrable intenfity, in con- 
ta£r. with powder of charcoal, the acid is decompofed, and 
therefidue is lime. 

Its principles may likewife be feparated by finely oulj 
verizing it, and boiling it with alkali. 

It is fufible by the blow-pipe according to Bergmann; 
and in a porcelain furnace, according to Darcet. 

The management of the fire in the calcination of gyp- 
•fum is of great confequence. Too much heat decompofes 
it; and too little does not enable it to unite, and form a 
hard fubftance with water. 

Calcined gypfum divides and difperfes itelf in water, 
with which it forms a pafle that may be caft into every 
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figure imaginable. We are indebted to this property for 
beautiful ornaments in the infide of our houfes; but it 
cannot be ufed for external decorations becaufe, its folubi- 
lity in water renders it gradually deitruclible by that 
liquid. 

SPECIES III. 

Filiate of Lime, Vitreous Spar, Fufible or Phofphoric Spar, Fluor 

Spar. 

This (tone is a combination of a peculiar acid, called 
the fluor acid, with lime. 

It decrepitates on heated coals, like muriate of foda, 
or common fait. When fiightly heated, it lhines with a 
beautiful blue colour, that remains even under water, or 
in acids. The refidue of this appearance of combuftion 
is white and opake. 

Its fpecific gravity is, in general, from 3.14 to 3.18, 
according to Kirwan. 

This fpar enters into fufion by a ftrong heat, and 
corrodes the crucible : it likewife fufes without effervef- 
cence with the mineral alkali, the borate of foda, and 
the phofphates of urine. 

This (tone poflelfes the mod lively and various colours; 
and it is known under the names of falfe emerald, falfe 
emethyft, or falfe topaz, accordingly as its colour is green, 
violet, or yellow. 

The blue fluor fpars commonly owe their colour to 
iron, but fometimes to cobalt. Berlin Berchaft, torn. ii. 
p. 330.— Green fluors are coloured by iron, according 
to Rinmann. The mod ufual form of filiate of lime is 
the cubic, with all the modifications which accompany 
this primitive form. 

When this (lone is diftilled with its own weight of 
fulphuric acid, the fjrft product confifts of elaftic whitifh 
vapours, which fill the receiver, and depofit a cruft at 
the furface of the water, while the water itfelf becomes 
acidulous. The refidue in the retort is fuiphate of lime, 
according to Scheele. The cruft which is formed on the 
water of the receiver is filiceous earth ; and the water 
itfelf being faturated with the vapour. ites the 

fluoric acid. 
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The mod aflonifliing property of this acid is dovibtlefs 
that of feiz'mg the filiceous earth, which is a conftituent 
principle of the giafs, and volatilizing it with itfelf. 

In order to have the acid in a (late of greater purity, 
and exempt from every mixture of filex, the operations 
are performed in retorts of lead ; but Mr. De Puymaurin 
is convinced, as well as myfelf, that the acid even then 
is feldom pure, becaufe the mod beautiful fluor contains 
almoft always a fmall quantity of filex, which the acid 
carries with it. The whiter!, the moft tranfparent, and 
the mod regularly-cryftallized fluor, difcilled on the water 
bath in a leaden retort, afforded me an acid contaminated 
by a fmall quantity of filex. 

Mr. Meyer having ufed every poffible means to obtain 
this acid in a ftate of great purity, is convinced that 
when the acid does not find filex in the retort, it attacks 
the fides of the receiver, and becomes changed. 

This acid may be preferved in bottles whofe internal 
furfaces are coated with" wax diffolved in oil. 
'. The fluoric acid has fome analogy with the muriatic; 
and fome chemifls have even confounded them together; 
but they differ eilentially from each other. 

The fluoric acid — r. When combined with pot-afli, 
prefents a gelatinous fubffance, which when dry retains 
one-fifth of the alkali employed, and forms a true neutral 
fait. 2. It a£r.s nearly in the fame manner with foda. 
3. With ammoniac it affords a jelly, which when dry 
exhibits all' the appearances of filex. 4. When mixed 
with lime-water, it regenerates the filiate of lime. 5. It 
does not attack gold, nor diffolve filver ; and combines 
111 preference with oxides, fuch as thofe of lead, iron, 
copper, tin, cobalt, and even of filver. 

One part of the fluate of lime, fufed with four parts of 
cautfic fixed alkali, forms a fait infoluble in water. r lhe 
fame quantity of fluate of lime, treated in the fame manner 
with the carbonate of pot-afh, or mild vegetable alkali, 
affords a foluble fait; and at the bottom of the water a 
calcareous earth is found, which proves that the fluoric 
acid is not feparated but by double affinity. 

Tips (lone, which hitherto has not been employed but 
23 a flux, or in the fabrication of ornaments, appe 
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rnc to deferve the molt particular attention. Its texture 
fecms to be lamellated like the diamond; and like that 
done it is capable of double refra&ion, as the abbe Ro- 
chon has obferved. Its phofphorefcence has likewife 
fome relation with the combuftibiiity of the diamond, and 
k has lively and varied colours. All thefe circum (lances 
eftabliiTi an analogy between thefe two fubftances; ts$. 
might lead us to fufpeft that the confiituent principles of 
the diamond exift in this flone, mixed and combined with 
an acid and lime, &c. 

The fluoric acid pofTefles the very lingular property of 
attacking glafs, and diflblving and carrying off its filiceous 
part. i'.iL-rgraiFfirftobierved this property; but Meffrs* 
De Puymaurin and Klaproth have very happily applied 
it to the art of engraving on glafs. 

This acid is employed to corrode the glafs, in the fame 
manner as aqua fortis is ufed to engrave upon copper. 

Some authors, particularly Mr. Monnet, have endea- 
voured to prove that this acid was nothing elfe but a modi* 
fiauiou of the acid ufed in the decompofition of the friar. 
They feem to found their opinion chiefly on the circum- 
ftance, that the acid obtained exceeds in weight the fpar 
made life of; but they have neglected the increafe of 
weight which muftarife from the erolion, difTolution, and 
mixture of the glafs of the diftilling veffels. And indeed 
thefe experiments do not appear to me to invalidate in the 
leafl the eternal truths which have ifTued from the labora- 
tory of the celebrated Scheele; otherwife fuch modi- 
fications in the acids employed, would in my opinion 
afford a phenomenon (till more aftoniihing than the exig- 
ence of this peculiar acid. 

SPECIES IV. 
Nitrate of Lime, Calcareous Nitre. 

This fait, as well as thofe which remain to be treated 
of in the prefent genus, exiils only in waters. Their 
great folubility, and their fpontaneous deliquefcence, do 
not permit them to form durable maffes, or to exift in the 
form of Hones. 

Hh 
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. 1 02 ' aie of Lime. 

The nitrate of lime is principally formed near inhabited 
places ; old plailer affords it in abundance by lixiviatioiu 
It is one of the falls which abound in the mother waters 
of the falt-petre makers j and it has been found in fome 
mineral waters. 

It is umally obtained in the form of fmail needles, ap. 
plied fideways to each other. 

When a folution of nitrate of lime is concentrated to a 
gelatinous confidence nearly equal to that of fyrup, it 
forms, in procefs of time, cryftals in hexahedral pridns. 

Two parts of cold water diffolve one of this ialt ; and 
boiling water diffolves more than its own weight. 

Its tafte is bitter and difagreeable. 

It liquifies eafily on the fire, and becomes folid by 
cooling : if it be ftrongly calcined, and carried into the 
dark, it is luminous, and conftitutes Baldwin's phofphorus.. 

. It lofes its acid in a violent and continued heat. When 
diftilled in clofe veffels, it affords the fame produces as 
nitre by the decompofition of its acid. 

Proje£isd upon ignited coals, it detonates in propor. 
tic as it becomes dry. — See De Fourcroy. 

3 acid may be difengaged by means of clay and of the 
fulphuric acid. 

The alkalis and barytes precipitate its earth. 

The fulphuric felts, and the carbonates of alkali, de- 
compofc it by double affinity. 

species v. 

Muriate of Lime, Calcareous Marine Salt. 

This combination exifts more efpecially.in the waters 
of the fea ; and contributes to give to thefe waters that 
bitter tafte which has improperly been referred to bitu- 
mens that have no exiftence. 

This fait is very deliquefcent ; one part and a half of 
water diffolves one of this ialt ; and hot water diffclves 
more than its own weight. 

It may be made to cryftallize by concentrating its dilu- 
tion to the 45th degree of Bamne, a afing it ; 
wards in a cool place. 
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With thefe precautions it affords a fait in tctrahedral 
prifms terminated by four-iided pyramids.— See De Four- 
croy. 

It enters into fufion with a moderate heat ; but is'de- 
compofed with great difficulty. It acquires by calcina- 
tion the property of (hining in the dark, and is called the- 
phofphorus of Hotnberg. 

It is decompofed by barytes and the alkalis. The con- 
centrated fulphuric acid, poured upon a very flrong foki- 
tion of muriate of lime, difengages the acid in vapours, 
and forms a folid precipitate ; an appearance which feems 
in an inftant to transform two liquids into a folid, and 
produces a very finking effect The theory of this phe- 
nomenon is eafily deduced fcom the very great folubility 
of the muriate, and the almoil abfolute insolubility of the 
fulphate which takes its place. 

SPECIES VI. 
Phofuhate of Lime, Calcareous Phofphoric Salt. 

This phofphate c( iime has been found in Spain, in the 
kingdom of Eltramadura, by Mr. Bowie. 

It is a whitilh ftone of confiderable denfity, not hard 
enough to give f-re with the fled. It is found in hori- 
zontal flrata, repofing upon quartz, and exhibiting ver- 
tical, flattened, and clofe fibres. When thrown on 
ignited coals, it does not decrepitate, but burns quietly, 
and affords a beautiful green light, which feems to pe- 
netrate through it, and does not difappear fo quickly bi*t- 
that a fufficient time is admitted to contemplate its bril- 
liancy with admiration. Before the blow-pipe it runs 
into a white enamel, without boiling up ; whereas bone's 
fupport the moil violent heat without fufion. Its habi- 
tudes with the nitric and fulphuric acids are the fame as 
thofe of calcined bones ; its acid may be feparated and 
brought into the ftate of an animal glafs ; it may be de- 
compofed, and the phofphorus extracted. 

Mr. Prourt, from whom we borrow thefe iaterefting 
details, obferves likewife that this ftone is found to com- 
pofe the mafsof entire hills ill the neighbourhood of the 






10 ^ Ponderous Spar. 

'village of Togrofan, in the jurifchction of Truxillo, a 
province of Eilramadura. The houfes and the walls cf 
jnclofures are built of it. 

GENUS II. 
Earthy Saks with Bafe of Barytes. 

The mod common Hate in which Barytes is found is in 
combination with the fulphuric acid. 

species i. 

Sulphate of Barytes, Ponderous Spar. 

This (lone is the mod ponderous we are acquainted 
with. Its fpecific gravity is commonly from 4 to 4.6. 

It decrepitates in the fire, melts before the blow-pipe 
without addition, and fluxes diffolve it with eilervefcence. 
—See the notes of the abbe Mougez*. 

Mr. Darcet fucceeded in fufing it in a porcelain 
furnace. 

It has been often confounded with gypf'im and fluor 
fpar; but the characters of theft two fubftances are 
very dilferenr. 

It ajiiioft always accompanies metallic ores, and it is 
e.ven confidered as an happy prefage of finding them. 
Becher has affirmed that it was a certain indication vcl 
pre/bit is vcl futuri metalli : and I think that there is rea- 
fon toconfider it as the vitrifiablc flonc of this celebrated 
naturaliib The proofs of my affertion may be fcqnc in 
the preliminary ideas of my treatife on metallic fubftances 
(in this work). The analogy between this (lone and 
metals has been eitablifhed by the experiments of Berg- 
inann and of Mr. Lavoificr. 

This flone, when rather flrongly heated, exhibits a 

blueifh light in the dark. To form thefe kinds of phof- 

phori, the fpar is pulverized, the powder is kneaded up 

: with muciiagt of gum tragacanth, and the parte is formed 

into pieces as thin as the blade of a knife. Thefe pieces 

* Manuel du Mineral ogi fie. 
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are afterwards dried, and ftrongly calcined by placing .them 
in the midft of the coals of a furnace j they are afterwards 
cleared by blowing on them with the bellows. In this 
{late, if they be expofed to the light for a few minutes, 
and afterwards carried into a dark place, they mine like 
glowing coals. Thefe pieces mine even under water ; 
but they gradually become deprived of this property, 
which however may be reflored again by a. fecond 
heating. — See De Fourcroy. 

Ponderous fpar is eafily divided into plates by the 
flighted blow ; and the mod ufual form which it affects is 
that of an hexahedral prifrri, very flat, and terminated 
by a dihedral fummit. 

Ponderous fpar has been found at the diftance of one 
league from Clermont d' Auvergne, in the form of hexa- 
hedral prifms terminated by a tetrahedral or dihedral 
pyramid. I have feen crydals of two inches in diameter. 

It frequently happens that the form of thefe crydals is 
not very determinate ; but all the Hones of the nature of 
thefe exhibit a confufed affemblage of feveral plates 
applied one upon another, and capable of being feparated 
by a very flight blow. Ponderous fpar is infoluble in 
water ; and upon this property is founded the virtue 
poffeiTed by the muriate of barytes, to manifefl the flighted 
portions of fulphuric acid in any combination which con- 
tains it. 

Barytes adheres more ftrongly to acids than the alkalis 
themfelves do - y and when the carbonates of alkalis pre- 
cipitate it, the effect takes place in the way of double 
aifmity. 

species 11. 

Carbonate of Baryles. 

This combination has the fpeciflc gravity of 3.7J?. 
One hundred parts contain twenty-eight water, fevcn 
- acid, fixty-five pure earth. 

The fulphuric, nitric, and other acids attack it with 
effervefcence. 
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Although the carbonic acid poiTeffes the ftrorgeft affi. 
nity with this earth, it is very feldom found in :mbina- 
tion with it : and I am acquainted with its exiftence only 
on the authority of Mr. Kirwan, who affirms that Dr. 
Withering prefented him with a fpecimen from Alilon 
Moor, in' Cumberland ; which refembles alum, with the 
difference that its texture is ftriated, and its fpecific gra- 
vity is 4.33 1*. 

Mr. Sage analyfed this ftone, which was prefented to 
him by Mr. Greville.- — See the Journal de Phyfique for 
April 1783. 

SPECIES III. 
Nitrate of Barytes. 

The nitric acid dilTolves pure barytes, and forms a fait 
which cryftallizes fometimes in large hexagonal cryflaJs, 
and frequently in fmall irregular cryftals. 

This nitrate is decompofed by fire, and affords oxigene. 

The pure alkalis do not difengage the barytes, but the 
alkaline carbonates precipitate it by double affinity. 

The fulphuric and fluoric acids feize this earth from the 
nitric acid. 

It has not yet been found native. 

SPECIES IV. 
Muriate of Barytes. 

This fait is capable of affuming a form confiderably 
refembling that of fpar in tables or plates. It exhibits, 
with the earths, acids, and alkali, phenomena nearly timi- 
lar to thofe of the nitrate of barytes. 

It forms one of the mod interciting re-agents to afcer- 
tain the exiftence of the fmalleft particle of fulphuric fait 
in any water ; becaufe, by the fudden exchange of prin- 
ciples, the refult is ponderous fpar, which immediately 
falls down. 

It has not yet been found in a native flare. 

It Is plentifully found in England, in the lead mine of Angle z. irl 
near Chorley in Lancafhire. See the Manchclier Memoirs, vol. in. 
r . 598. T. 
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GENUS III. 
Earthy Salts with Bafis of Magnefia. 

Thefe falts were not welt known before the time in 
which the celebrated Black proved that they ought not 
to be confounded with calcareous falts. They may be 
dHlinguifhed from thefe by the bitter tafte which almoft 
all of them poffefs. 

They are in general very foluble in water. Lime-water 
precipitates them, as does likewife ammoniac, or the vola- 
tile alkali. 

S P E C I E S I. 

Sulphate of Magnefia, Epfom Salt. 

This fait is frequently met with; it exifts in feveral 
mineral waters, fuch as thofe of Epfom, of Sedliz, &c. It 
was at firft diftinguiflied by the name of the fprings which 
produced it ; and it is ftill known by the name of the 
bitter cathartic fait, on account of its tafte and virtues. 

The fnlphate of magnefia, in commerce, comes either 
from the fait fprings of Lorraine, from which this fait is 
extracted with a mixture of fulphur; or other wife from 
the fait works in the environs of Narbonne, where it is 
extracted from the mother waters which contain it abun- 
dantly. 

The fnlphate of magnefia, in commerce, has the form 
of fmall lilky needles, very white. It does not efflbrefcift 
in the air, which diflingui flies it from the fuiphate of foda. 

The cryltals of the pure fuiphate of magnefia are qua- 
drangular prifms, terminated by pyramids of an equal 
number of hi ;. 

The fuiphate of magnefia prepared in our fait works is 
fold at from thirty to forty livres the quintal; it contains 
in the pound three fixteenths o'i iulphale of foda,' two l?x- 
teenths muriate of magnefia, one fixreenth muriate pf foda, 
fix fixteenths. true fulphateof magnefia: the reft coniifh of 
falts with balls of lime. 
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The fulphate of magnefia, when expofed to the fire, 
liquefies, and lofes half its weight. The remainder is 
dry, and requires a ftrong fire to fufe it. 

Water diffolves its own weight of this fait, at the tern- 
perature of 60 degrees of Fahrenheit's thermometer. 

One hundred parts of this- fait contain twenty-four 
parts acid, nineteen earth, and fifty- feven water. 

It exifts in all the waters in the environs of Montpellier. 

Sometimes it is found effiorefcent upon fchifli, from 
which it may be collected. I have found it'upon a moun- 
tain in Rouergue, in a quantity lufBciently great to be 
collected to advantage : birds of paffage devour it gree- 
dily. This fait is ufed in preference to others as a 
purgative. 

SPECIES II. 

Nitrate of Magnefia. 

The clebrated Bergmann, who has combined magnefia 
with the various acids, obferves that the nitric acid forms 
with it a fait capable of affording, by proper evaporation, 
prifmatic, quadrangular, truncated cryftals. The fame 
chemift adds, that this fait is deliquefcent. Mr. Dijonval 
affirms, that he obtained cryftals that were not deliquef- 
cent ; and accident has afforded me a fait of this kind in 
mother water of nitre concentrated to the 45th degree 
of the areometer. Its form was that of prifms with four 
fides, very much flattened, very thick, and very ihort. 

This fait decompofes the muriates ; alkalis precipitate 
its magnefia, as does likewife lime. 



SPECIES III. 

Muriate of Magnefia. 

The muriate of magnefia exiits in the. mother water of 
our fait works ; its tafte is very bitter. 

According; to Bergmann, it forms a fait infmall needles, 
io deliquefcent that it cannot b" obtained but by Urongly 
concentrating the folution, and afterwards cxpofing it to 
intenfe cold. 
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Lime-water, barytes, and the alkalis precipitate the 
magnefia 5 it may likewise be feparated by means of fire. 

SPECIES IV. 

Carbonate of Magnefia. 

Though magnefia has the greateft affinity with the car- 
bonic acid, I do not think that nature has ever exhibited 
this combination. It is obtained by precipitating the 
magnefia front Epfom fait, by means of the carbonates of 
alkali ; and in this ftate it is called eflervefcent magnefia, 
or magnefia not calcined. 

The carbonate of magnefia contains in the quintal thirty 
parts acid, forty-eight earth, and twenty-two water.-— 
See Kirwan and Bergmann. 

Magnefia flicks to the tongue ; and affumes, in drying, 
a certain tranfparency, which it preferves until it has loft 
all its water, which is not eafily driven off. 

Fire carries off the water and the acid ; and in this ftate 
the refidae is called calcined magnefia. 

The carbonate of magnefia is folnble in water in the 
proportion of feveral grains in an ounce of the fluid. 

But we are indebted to Mr. Butini for a very fmgular 
obfervation — that cold diffolves more than hot water, and 
that the magnefia may be precipitated by heating the 
water which holds it in folution. Hence it arifes that 
waters loaded with magnefia become white and turbid by 
ebullition. 

The celebrated Bergmann had advanced that the car- 
bonate of magnefia is cryftallizibie. Mr. Butini, by con- 
centrating a faturated folution of this fait with a gentle 
heat, obtained groups of cryltals, which, when examined 
by the microfcope, appeared to be hexagonal truncated 
prifms. I have obtained fimilar fnow-like flocks by pre- 
cipitating magnefia by the addition of an alkali, drop by 
drop. 

The carbonate of magnefia is ufed in medicine as a pur- 
gative. The calcined magnefia ought to be preferred as 
an abforbent. 

J i ' 
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Earthy Saks with Bafe of Alumine. 

The fubftance which in the arts is known by the name 
of Clay, is a -natural mixture of feveral earths. 

Alumine, or pure clay, is capable of combining with 
the greater! part of the known acids ; but the moll com- 
mon of thefe felts is alum. 
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Sildjihate of Alumine, Alum, 

Though alum be very commonly met with* yet the 
combination of principles which coiiflitute it is not e;Tr#ed 
without confiderable difficulty. 

Pure clay upon which the fulphuric acid is digefted, is 
diiiblved with difficulty; and it is by no means eafy to 
bring this combination to. regular crylhds. The ufual 
product is a fait, which appears to be formed by fcales 
applied one upon the other. 

The mod ordinary procefs to diflblve alumine by means 
of an acid, confifts in calcining the clay, impregnating it 
with the acid, and facilitating its action by an heat of 50 
or 60 degrees of Reaumur. But a Ampler method, which 
I have ufed in my manufactory of alum, confifts iu prefent- 
ing the acid in vapours, and under the dry form, to the 
clay properly prepared. For this purpofe I calcine my 
clays, and reduce them into fmall pieces, which I fpread 
over the floor of my leaden chambers. The fulphuric 
acid, which is formed by the combutlion of a mixture of 
fulphur and fakpetre, expands itfelf in the cavity of thefe 
chambers and exifts for a certain time in the vaporous form. 
In this form it has a ftronger action than when it has been 
weakened by the mixture of a quantity of water more or 
lefs confiderable : fo that it feizes the earths, combines 
with them, caufes them to increafe in bulk by the efHo- 
refcence which takes place, and at the end of feveral days 
the whole furface expofed to the vapour is converted into 
alum. Care is taken to ftir thefe earths from time to 
time, that they may fucceflively prefent all their furfaces 
to the action of the acid. 
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But whatever procefs may be ufed to combine the acid 
with clay, it is ncceffary to expofe the aluminized earths 
to the air during a greater or lefs fpace of time, in order 
that the combination may be more accurate, and the fatu- 
ration more complete. 

Mod of the alum in commerce is afforded by ores which 
are dug out of the earth for this purpofe. We may reduce 
all the' operations of this manufafture to three or four; 
the decompoliiiou of the ore, the lixiviation of the ore, 
the evaporation of thefe lixiviums, and the crystallization 
of the alum. 

1. The decompofition of the mineral is efFected either 
in the open air without affiftance, or elfc by means of fire*. 

When the mineral is left to decompofe fpontaneoufly, 
nothing more is done than to difpofe the (lone which con- 
tains the principles of alum in ttrata or layers-. The 
pyrites becomes heated; acid is formed, which diiTolves 
the clay ; and the fait ariling from this combination 
exhibits itfelf by the effiorcfceoce of the ore. The decom- 
pofition may be accelerated by watering the heap of 
pyrites; but the operation may be llili more abridged by 
the affiftance of fire. — The method of applying the heat- 
varies prodigioufly. On this head Bergmann may be 
confulted; but in general it may be obferved that it ought 
not to be either too ftrong or too weak. In the fir ft cafe 
it volatilizes the fulphur, and in the fecund it retards the 
operation. 

The ore of alum is fometimes impregnated with a fufH- 
cient quantity of bitumen to maintain the combuftion. — 
See my Memoir on the Alum Ore of Vabrais, 1785. 

1. When the ore has eftlorefced into alum, the fait is 
extracted by lixiviation. For this parpofe the fame water 
is paffed over feveral heaps of aluminous earth, in order 
to faturate it. The water which is firft pafTed.over the 
earth diiTolves in preference the vitriol, which is more or 
lefs abundant; and this fait may be feparated from the 
alum by a previous cold-wafhing. 

3. This lixivium, or faline folution, is carried into 
leaden caldrons, where the fluid is properly concentrated. 
In this part of the procefs it is that an accurate faturation 
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of the alum, is effe&ed when the acid is in excefsi and for 
this purpofe alkalis are added, which ferve likewife {insu- 
larly to facilitate the cryfiallization. The celebrate^ 
Bergmann has propofed to boil clay with the folution, to 
faturate the excefs of acid. This procefs feems in every 
point of view to be advantageous ; but it" appears to me to 
be impraclible, becaufc the fuperabundant acid cannot be 
made to combine with the clay but by a very long ebulli- 
tion ; and I have obferved that, by afterwards evaporating 
the fluid to caufe it to cryflallize, this clay falls down, 
and oppofes the cryfiallization. I have varied the procef^ 
in a variety of ways, without obtaining the lucccis whidi 
ks celebrated author predicled. 

There are methods of greater or lefs accuracy to judge 
of the degree of concentration to which it is proper {% 
carry the lixivium ; in order to obtain a goodcryilailization: 
fuch are, the immerfion of an egg in the liquid, the elfu- 
fion of fome drops of the lixivium on a plate, &c. Mr. 
De Morveau has propofed a metallic hygrometer ; but 
this indriiment cannot be considered as very accurate, 
becaufe its immerfion in the liquid is proportional to the 
heat of the fluid in which it is plunge !. 

4. The lixivium is then conveyed into coolers, where. 
it cryflallizes by mere refrigeration. The pyramid 5 of 
alum are conflanlly turned towards the bottom of the 
veflel, more efpecially thofe which Bx themfelves to the 
flicks which are put into the liquor to multiply the furfaces. 

Alum affects -the form of two tetrahedral pyramids, 
applied to each other bale to bafe. Sometimes the angles 
are truncated, and theie truncatures take place moll fre- 
quently when the lixivium is {lightly too acid. 

This fait requires fifteen times its weight of water to 
difiblveit, at the temperature of 60 degrees of Fahrenheit, 
according to Ki: v. 

Its taile is flyptic; it lofes its w : ater of cryfiallization 
by heat; at the lame time that it fwells up, and is j 
verted into a light and white fubflance, called burned or 
calcined alum. 

If it be urged by a violent degree of heat, it lofespart 
its acid, and beccjmes tafteleis. r ihe itfidue is no 
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longer fufceptible of cryftallization, and precipitates in 
the form of a very fine adhefive powder, in proportion as 
the water is difperfed by evaporation. 

Alumine is precipitated from this folution by magnefia, 
barytes, and the alkalis: thefe lad diffolve the precipi- 
tate in proportion as it is formed, if they be added in excefs. 

Aium is a very valuable material in the arts. It is the 
foul of the an of dying, and ferves as the mordant to all 
colours. It is ufed to prepare leather, to impregnate paper 
and cloths intended to be printed. It is added to tallow, 
to render it harder; it enters into the preparation of a glue 
for the deftru&ion of vermin; it is employed in England, 
and elfe where, to give whitenefs, and additional weight, 
to bread. When fufed with faltpetre of the firfl boiling, 
it forms a very white cryftal mineral. 

The printers rub their balls with calcined alum, to 
caufe them to take the ink. Surgeons employ it to cor- 
rode fungous or proud fiefh. 

SPECIES II. 
Carbonate of Alumine. 

The argillaceous earth precipitated from the folution of 
alum by the carbonates of alkalis, combines with their 
acid ; but this fait is very rarely found in nature. I know 
only of the obfervation of Schreber which afcertains its 
exiftcnce. This naturalift afferted that the earth known 
by the name of Lac Lunce is a true carbonate of alumine. 

Although alumine be foluble in the other acids, we 
are very little acquainted with its combinations. It is 
only known that the nitric acid diffolves it, that the folu- 
tion is adringent, and that it may be obtained in fmall 
ftyptic and deiiquefcent cryftals. 

The muriatic acid has a more evident action upon 
alumine. This muriate is gelatinous and deiiquefcent. 

Thefe falls have not been applied to any ufe, and they 
are no where found in nature. 

genus v. 

Earthy Salts with Bafe of Silex. 

Silex is of all the known earths that which combines the 
raofl difficultly with acids. 
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We are even acquainted with no other acid than the 
fluoric which exerts an evident action upon it. It rife 
with it, and holds it in folution until it abandons it to 
unite with water. 

. Some experiments of Mr. Achard gave reafon to think 
that the carbonic acid diiTolved fiiex; but the Parilian 
chemiff. did not obtain the refults announced by the che- 
mifl of Berlin. M. Dc Morveau feems to have proved 
that iron and the carbonic acid were neceffary to form rock 
cryflals: but this acid does not remain united and combi- 
ned with the earth; fo that we have not hitherto arrived 
at any proof of its dilfolving virtue. 

CLASS 11. 

Concerning the Combination and Mixture of Primitive Earths, or 

Earthy Mixtures. 

The pure and firrple earths, fuch as we have deferibed 
them, are rarely found on the fin-fare of the gldbel They 
are conftantly mixed with each other, and form maffes of 
greater or lefs magnitude, and various hardnefs, according 
to the nature of the earths, their ftate of divifion, and 
the character of the foreign fubftances which are combined 
with them, fuch as iron, bitumens, &c. 

It may be eafily underffood that the number of com. 
pofitions which can refult from the mixture of five primi- 
tive earths, would be infinite, if we were to pay attention 
to fuch flight varieties as depend on the proportions of 
the mixture : but I {hall not confider any mixtures as 
conftituting fpecies truly diftincT, except fuch as differ in 
the identity of their conflituent principles, The flight 
differences in the proportions of thefe principles may' 
indeed occafion modifications in the form, the hardnels. 
the colour, &c. "But thefe can never conflitute more 
than varieties. 

We (hall naturally deduce the genus from the flone or 
earth which predominates in any mixture, and appears to 
communicate its own character to the total mafs. In this 
manner we fhall clafs among the calcareous mixtures fuch 
flones as exhibit to our obfervation the properties of lime- 
flone to fuch a degree, that they would be taken to be 
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purely calcareous if the chemical analyfis did not prove 
the exigence of other principles. 

The genus ought not in ftri&nefs to be taken and 
deduced from the earthy principle which predominates; 
for the character of the whole mafs or of the mixture, is 
very frequently given by an earth which does not form 
the mod abundant principle j as we obferve more efpe- 
cially in magnefian earths, where the files predominates 
over the magnefia. 

GENUS I. 
Calcareous Mixtures. 

According to the principles we have laid down, we 
.mud refer to this place thole flony mixtures in which the 
properties of lime-done predominate. 



species 



Lime-ftone and Magnefia. 

This mixture is very common ; almofl all the calca- 
reous (tones contain magnefia. Mr. Bayen has defcribed 
a variety in the Journal de Phyfique, t. xiii. which con- 
tain in the hundred parts feventy-hve carbonate of lime, 
twelve magnefia, and thirteen iron : it is the earth of 
Crentzwald. Mr. Woulfe has defcribed another variety 
in the Philofophical Tranfa&ions for 1779. It afforded 
fixty parts carbonate of lime, thirty-five carbonate of 
magnefia, and three of iron. 

The analyfes which I have made of feveral lime-ftones 
in our province, conltantly afforded magnefia. 



SPECIES 11. 



Lime-ftone and Barytas. 

Mr. Kirwan has informed us that this fpecies is found 
in Derbymire, in the form of a ftone, and iikewife in 
the earthy ilate. It is of a grey colour, and harder than 
ordinary lime-ftones. 



species in. 



Carbonate of Lime and Alumine. 
This mixture is frequently me - It is commonly- 

known by the name of Made. 3 of the 
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two conftituent principles are infinitely various. It is upon 
this proportion that the diftinction of fat marles and lean 
marles depends, and difpofes them to ferve as manure for 
earths of different kinds. The marles arc almoft always 
coloured by iron. 

They appear to arife from the decompofition of the 
natural mixtures of chalk and clay, and contain more or 
lefs of filex ; but the analyfis which I made fix years ago 
of all the marles I could procure, convinced me that they 
were often nothing more than a mixture of clay and chalk. 
I have likewife found magnefia in marles, fometimes in 
the quantity of feventeen parts in the hundred ; but, in 
general, they may be confidered as formed effentially by 
the two earths here mentioned. 

Alumine is found likewife mixed with carbonate of 
lime in marbles. Mr. Bayen has proved this in thefecond 
volume of the Journal de Phyfique : and I have confirmed 
the truth of his refults by the analyfis of feveral marbles 
of our province. It is even upon this principle that we 
may account for the greafy poliih which fome of them 
take. 

The very evident difference which may be eftablifhfd 
between the mixtures which form marie and marble, is, 
that the firfl is the immediate product of a decompofition 
principally effected by the alterations of the iron which 
it contains j whereas, the fecond is produced by a purely 
mechanical mixture of two principles already formed, 
which being pounded, and ground as it were together, 
form a compact, hard, clofe affemblage, fuiceptible of 
the mod beautiful polifli. 

SPECIES IV. 
Lime-Stone and Silex. 

This fpecies is not common. It is known under the 
name of Stellated Spar, Stern Schoerl of the Gen 
It is opake, of a radiated texture or form. Mr. Fitchel 
found it in lime-ftone on the Carpathian mountains. It 
effervefces with acids; and, according to Mr. Bind! 
one hundred parts of this ftone contain (ixr ocate 

of lime, thirty filex, and three iron.— See Kirwan. 
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The mixture of the pulverulent remains of the primi- 
tive rocks transported into our country by the rivers which 
rife in the Alps and the Cevetmes, together with our own 
calcareous fragments, frequently form beds of a flone of 
this nature. The only difference between them is, that 
our mixtures exhibit a confufed affemblage of all the prin- 
ciples which belong to the primitive rocks, iuch as clay, 
iilex, and others. 

SPECIES V. 
Limtfcone and Bitumen. 

This mixture is. known by the name of Swine-done. It 
abounds in the diocefes of Alais and Uzes : I have feen 
the calcareous rock impregnated with bitumen in an extent 
of more than three leagues diameter. It is even fo abun- 
dant in fome parts, that it diftils through the clefts of the 
rocks, and forms ftaiactitous bitumen, which the peaiants 
collect to mark their fheep-, or to greafe their cart-wheels- 
The heat of our fummer iometimes foftens it to fuch a 
degree, that it flows into the roads, where it adheres to 
and impedes the motion of the Hedges and other carriages. 

In fome places the ftone is (o well impregnated with 
bitumen, that it may be wrought; but the blow of a 
hammer caufes it to emit an abominable fmelt. Mr. 
D'Avejan, bifhop of Alais, having ufed this flone to pave 
the apartments of his palace, the friction and heat difen- 
£agel fo unpleafant a fine!!, that his fucceflors were 
obliged to ftihftitute a ftone of another kind in its ftead. 

Mr. De la Peyronfe found this flone in larg~e manes 
near Saint Beal in Comminge, at L'Eilagneau, and the 
mill of Langlade. 

SPECIES VI. 

liirae-Stone and Iron. 

Iron is alotoft always a ccaft.ituent part of Iirne-ftone ; 
but ir iometimes exiits in fuch a proportion, that 1 
mixtures conltitute iron ores. Mr. Kirwan defcribes two 
of this nv.ure ; one of which contains twenty-five pounds 
g: iron in the quintal, and the other ten. Mr. Rinmann 

K k 
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has defcribed ftala&ites which afford iron, in the propor. 
tion of from twenty-feven to twenty pounds in the quintal. 

Calcareous iron ores are wrought in many parts of our 
province. I have myfelf obtained forty-four pounds of 
iron in the quintal, from a calcareous (tone which abounds 
on the mountain of Frontignan. 

It is common to find, in our calcareous mountains, 
Hematites rich in iron, whofe bafe is calcareous; we find 
likewife fpecies of ludus of the fame genus, and fome- 
times even tufa, whofe formation arifes from waters loaded 
with iron and lime. 

The fpathofe iron ores are of the fame clafs as thofe we 
have juft treated of. 

GENUS II. 
Barytic Mixtures. 

Thefe mixtures are very rare, becaufe the flone itfelf 
is fcarce. We fhall mention only two fpecies. 

SPECIES I. 

Sulphate of Barytes, Petroleum, Gypfnrn, Alum, and Silex. — Berg- 
manni Sciagr. f. 90 ; Kirwan Mrri. p. 60. 

The name of Hepatic Stone (Lapis Hepaticus) lias 
been given to this mixture. 

The colour varies much : its texture is uniform, lamel- 
lated,- fcaly, or fparry. It takes thepolifh of aiabafter. 

It forms a kind of plader by calcination, and emits a 
flrong and fetid fmell by friclion. 

One hundred parts of this flone contain thirty-three 
barytes, thirty-eight filex, feventeen alum, feven gypftmi, 
and five petroleum. 

SPECIES II. 
Carbonate of Barytes, Iron and SiTex. 

Mr. Kirwan has mentioned this ftone on the authority 
of Mr. Bindheim. It is mfdfufele in acids, and of a 
fparry texture; but he is tempted to confider it as 3 
phate of barytes, in cqnfecMence of the property obferved 
by Mr. Bindheim, that it becomes folubie in acids, ak'.r 
having been calcined with orb 



Earthy Mixtures. Co J 

GENUS III. 
Magnefian Mixtures. 

All the fpecies coraprifed in this genus poffefs charac* 
ters fufliciently (Inking, and eafily known. They are in 
general greaiy and (oft to the touch ; they may be cut 
with a knife, turned in a lathe, and converted into any 
form at pleafure. They take a tolerably good pohlh. 
Some of them are difpofed into fibres ; and thefe fibres 
pollers for the raoft part, a remarkable degree of flexibi- 
lity. They (lick to the tongue like clays *, but do not, 
like them 3 foften in the water. 

SPECIES I. 

pare Magnefta, Silex, and Alurnine* 

SPECIES II. 
Carbonate of Magnefia, Silex, and Alumine. 

The mixture of thefe three earthy principles form** 
talcs, fteatites, pot-ftoues, or lapides ollares. 

^he difference which analyfis (hews between thefe two 
fpecies, is almoft entirely confined to the proportions of 
their conltiiuent principles. j\his circumftajice might ap- 
pear fufficient to authorife us in confidering them only as 
varieties of each other. But as the magnefia is pure in 
the talc, and in the ftate of carbonate in the fteatites, we 
ihall confider them as different fpecies. 

i. Pure magnefia, mixed with near twice its weight of 
iilex, and lefs than its weight of alumine, forms talc, h 
is of a white, grey, yellow, or greenilh colour ; foft and 
foapy to the touch, compofed of tranfparent laminae placed 
upon each other. J^ht(e lamina? are more tender than 
thofe of mica : they lock together, and are ufually divid- 
e'd into rhombi, and may be .cruflied or tetched with 
the nail. 

Its fpecific gravity is 2.729. 

Fire renders it more, brittle and white • but it is mfia- 
iible by the blow-pipe, and can fcarcely Jje fujfcd by the 
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addition of alkali. The borate of foda, and the phof- 
phate of urine, fufe it with a flight efTervefcence. 

■fcovy talc is compofed of large elaitic, flexible, and 
tranTj^e*ty leaves. Plates of talc have been raifed in the 
quarvic- &$ Vilim in Siberia which were eight feet fquarc. 

2. , is ufually of a greenilli white: it maybe 
easily cv with a knife | arid the duft which is produced 
by icruyn^ it does not readily mix with water. 

Its -rav ; y is abxJtft 2.433. 

It i le alone, Sflrdem in the fire, and becomes 

borate of foda facilitated its fnfion ; but 
U.<:.<\, and the phofphates of urine, do not perfectly dif. 
foive it. 

According to the analyfis of Bergmann, one hundred 
parts o: fl ante- contain eighty filex, feventeen ma^efirfi 
in the Kate of carbonate, two alumine, arid one iron. 

Sieautrs i s fometimes found in maffes of indeterminate 
figure*, and fometimes cryfhdlized,' fuch as that which 
Mr. Gerhard found at Raiehewtein in Silcna. Chem. 
Ann. 1735.' — And Mr. Rome de Lifle polTcffes cryftals 
in hexagonal lamina? refembling the leaves of mica. 

The white fleatites of Briancon is compofed of irregular, 
-\ and femi-tranfparenr. leaves. It often indoles 
cryflals of fleatites, of a white or greenifh colour, which 
have the form of tetrahedral prifms. 

The fieatites of Corfica appears to be formed by fibres 
placed bolide each other. It has a greenilli colour, and 
no perceptible decree of flexibility. 

The fleatites of Bareirh is grey, compacl and folid. 

That of Queen Charlotte's Bay in New Zealand is 
filiated, green, femi-lranfparent, and fufticiently hard to 
rive fire with the Heel. 

3. The foapulone of China is a fleatite, often ftHated ; 
but it is not more uncluous than thofe we have already 
mentioned! 

The fleatites of Briancon forms thebalis of the vegetable 
red. 

4. The lapis ollaris, or pot-flone, is only n variety of 
the flea tire.-. Ir docs not appear to me to differ from :t> 
excepting in being harder. 
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Its colour is ufually greyifh ; but it is fometimcs black- 
ened by bitumen. 

Mr. Gerhard has obferved that the lapis ollaris of 
Sweden effervefces with acids, and contains calcareous 
earth ; but this mixture is peculiar to it. Thofe of Sax- 
ony, Silefia, and Corfica do not contain it. The lapis 
ollaris may be wrought with the greateft facility. In the 
country of the Grifons, in Corfica, and elfewhere, it is 
turned, and formed into veffels which rend the fire, and 
have not the inconvenience of our glazed pottery ; it is 
from thefe ufes that it has obtained, the name of Lapis 
Ollaris, Pot Stone, Sec. 

SPECIES III. 

Pare Magnefia combined with fomewhat more than its weight of Silex, 
one-third of Alumine, near one-third of Water, and more or lefs of Iron. 

This mixture forms the ferpentine. It has a great 
analogy with the preceding fubftances, but is diftinguifhed 
from them by a more evident degree of hardnefs j by the 
property of acquiring a more beautiful polifh ; and by a 
quantity of iron fufficiently considerable to afford it a 
peculiar character. 

The ferpentine is whitim, greenifh, blueifh, or blackim; 
frequently marked with black fpots ; and fometimes inter- 
fered with bands of various colours. Some ferpentines 
are even tranfparent. The Royal Cabinet of Mines poflefs 
a fpecimen whofe ground is grey, and interfperfed with 
reddifh femi-tranfparent and chatoyant fpots. 

Serpentine varies likewife in its texture. 

It is compact, granulated, fcaly, lamellated, or fibrous. 

It takes the mod: beautiful polifh. 

The iron it contains is fometimes obedient to the magnet. 

Its fpecific gravity is from 2.4 to 2.65. 

It melts in a violent heat j but a lefs degree of fire 
hardens it. 

Mr. Bayen, who has analyfed the ferpentine, found it 
to contain, in the hundred parts, forty-one filex, thirtv- 
thres magnefia, twenty alumine, three iron, and alfo water. 

Mr.Kirwan has obferved, that the ferpentine of Corfica, 
contained more alumine, and lefs iilex, 
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Mr. De Joubert pofTefTes a fpecies of ferpentiac which 
exhibits fquare plates on its furface. 

Mr. Dorthes has obferved feveral varieties of the 
terpentines on our Mediterranean coafts, and in the river 
of Herault, which receives them from the mountains of 
the Cevennes. 

SPECIES IV. 
Carbonate of Magnefia ; Silex, Lime, Alumine, and Iron. 

This combination exhibits feveral varieties, which arc 
known under the name of Albedos, Mountain Cork. 
Their texture ferves to dittinguifh them ; but the chemical 
analyfis confounds them together, and does not permit us 
to allow any other diftinction than that of varieties. 

VARIETY I. 
Albedos. 

This ftone is ufually greeniili; its texture is fometimes 
fibrous and compact, and fometimes membranaceous-. 

Near Bagneres de Bigorre, in the mountains of the 
environs of Baflere, Meffrs. Dolomieu and La Pcroufe 
found cry dais of albedos in rhomboidal parallelopipeds. 

Afbeftos. is rough to the touch, brittle and rugged. Its 
fpecific gravity is from 2.5 to 2.8. 

Fire renders it whiter and more brittle. It is infufible 
by the blow-pipe, according to Kirwan; but the abbe 
Mongez affirms that afbeftos and amianthus are fufible, 
and form an opake globule, which becomes blueifh. It is 
difficultly foluble with foda; but more eafily with borate 
of foda and the phofphates of urine. 

According to Bergmann, the afbeftos contains in the 
quintal from fifty-three to feventy-four parts filex, about 
fixteen magnefia, from twelve to twenty-eight carbonate 
of lime, from two to fix alumine, and from one to two 
iron. 

VARIETY II. 

Mountain Cork. 

This name has been given on account of a flight refers 
blance of this fubftance to cork. This done is very light, 
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membranaceous, flexible, and ufually of a yellow colour. 
It may be more eafily torn than broken. The diocefe of 
Ahiis affords very fine fpecimens. 

Amono- a very great number of (tones of this nature, 
uibje£ted°to analyfis by the celebrated Bergmann, the fili- 
ceous earth was always found predominant; and after 
that the magnefian, which was never lefs than twelve 
parts in the hundred, nor more than twenty-eight. 



species, v. 

Carbonate of Ma gnefia and Lime, Sulphate of Barytes, Alumlne, and 

Iron. 

This combination forms amianthus. It is compofed of 
long flexible fibres, parallel to each other, and very foft 
to the touch. 

They are fometimes very white, but often yellowim. 
The filaments may be feparated and detached from each 
other; and may be even twifled in any direction without 
danger of breaking them. Their flexibility is fo wonder- 
ful, that they may be formed into cloth. The ancients 
condrufted cloths of this kind, in which they burned the 
bodies of the dead; and by this means the allies were 
collected without mixture of thofeof the fuel. 

Mr. Dorthes found amianthus in tufts upon calcareous 
flones thrown up by the fea, on which it was fixed with 
plants, corallines, gorgonia, eVc. He believes, with 
reafon, that this amianthus did not originate upon the 
(rones, but that it was depofited by the water. He found 
liL<:wife, on the coaft, balls of the amianthus ot two or 
three inches diameter imitating aegagropiles, and for- 
med by the intertwining of the threads of amianthus'; 
and covered with a white tophofe fubftance, of the nature 
of that which covers the gorgonia, and is the work of a 
fpecies of lea animalcule. 

The fibres of amianthus are of various lengths. I have 
received fpecimens from Coriica, whofe filaments v.cr . 
very flexible, and eight inches lony. That from 
Pyrenean mountains has fliorter fibres. 
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Bergmarm analyfed an amianthus from the vicinity of 
Tarento, of which ico parts afforded 64 filex, 18.6 
magnelia, 6.9 lime, 6 fulphate of barytes, 3.3 aluminc 
1.2 iron. 

G E N U 5 IV. 
Aluminous Mixtures. 

Argillaceous or aluminous (tones are common enough. 
They are feldom poilefTed of more than a moderate degree 
of hardnefs, and are divifible in water. But the mixture 
of their principles is in fome inftanees fo intimate, that 
they poflefs a very (trong degree of ccnfiftencei 

S P E C I E 9 I. 

Alumine, Silex, Carbonate of Lime, and more or lefs of Iron 

We may here place all the varieties of clay. Chemical 
analyfis exhibits, constantly enough the principles whofc 
mixture forms this fpecies; but the proportions among 
thefe constituent principles vary fo much, that the varie- 
ties of clay are almolt infinite. Independent of the princi- 
ples above enumerated, we fometimes find lime combined 
with clay, and fometimes even magnefia ; and it will be 
eafy to form various fpecies, in proportion as the analyfis 
of thefe earths fliall become more perfect. 

The argillaceous mixtures of which we propofe at 
prefent to fpeak, are characterized by the following pro- 
perties: — They adhere llrongly to the tongue, become 
dry, hard, and fhrink in the fire; are divided, and form 
a pafte, with water, in which ftate they may be eafily 
moulded and turned, &c. The clays in which the iili- 
ceous principle is mod abundant are the dried:, adhere 
lefs to the tongue, are lefs completely difFufed in water, 
and crack lefs when dried by the heat of the fire or the 
fun. 

Moil clays contain iron; and this metal is ufually the 

icipis of their color •.mthe brownish day, in 

which iron is almoft in the native fiate, to the deepeft red, 
all the various (hades are G&ing to the feveral degrees of 
alteration in this metal. Thefe various changes arc 
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cffc&ed either at the furface of the globe by the imme- 
diate action of the air, which calcine u, or elle in 
the bowels of the earth; in which lait cafe, the effect 
wife from the decomposition of water and of the pyrites. 
We may trace this beautiful work of nature in feverai 
pyritaceous ftrata in our province; and on this fubje& 
r< ferenee may be had to my Memoir upon the Brown 
Red (Bran Rouge), printed by Didot by order of the 
province. 

V/e (hail direct our attention lefs to the feverai varie- 
ties of clay than to the uies to which they are applied. 
The lull of thcfeules is to form the bails of pottery. 

Several fpecies of pottery may be obferved, which 
neverthelefs differ from each other only in the degree of 
iinenefs of the earths made ufe of, and the care that has 
been taken in performing the various manipulations which 
they undergo. 

1. The mod common pottery is made with any kind of 
clay iniilcnn.iuate!/, which is mixed withfand, to render 
it more porous, and by this m_ans more adapted to ilip- 
port the heat. 

Thele vedTcls would be penetrable by water, if they 
were not covered with a glaze. 

The glazes of pottery are nfuaH'y made either with, the 
fulphureous lead ore called Alqninfcux, and in England, 
Potters Lead Ore, -or with the yellow copper ore. For 
this purpofe, theie fubttances are reduced to powder, 
mixed with water, and the yeflH, previoufly dried by 
a flight baking, is dipped in the mixture. The porous 
veffel abibrbs the water, while its fnrface becomes cover- 
ed with the. pounded ore. The ve$el is then carried to 
the furnace, and baked by a Iie.it which vitrifies the ore 
/face: and it is this metallic g'afs which forms 
the glaze of the potters, and is yeiiow cr green, according 
to the metal made ufe of. 

Thefe glazes are all dangerous; becaufe they are folu- 
ble ifl uts, oils, acids, &c. 

The attention of intelligent raanufactarers has been Jong 

::ced to the in-. f fabftitatiag in the place or" 
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thefe glazes, others which are not attended with the fame 
danger. 

We might, after the manner of the Enghfh, vitrify 
the furface of our pottery by means of fea fait thrown 
into the fire-place when the furnace is at a white heat- 
but this method is impracticable in mod of our manufacto- 
ries, becaufe our fires are not fnfficiently ftrong. 

I have tried various methods to glaze pottery; and two 
among them have fucceeded well enough to juflify my 
publishing them. The, firft confills in mixing the earth of 
Murivel in water, and dipping the pottery therein: this 
done, they are fuftercd to dry; after which they are 
plunged into a fecond water, in which levigated green 
glafs is mixed. This covering of vitreous powder fufes 
with the clay of Murviel ; and the refult is a very fmooth, 
very white, and very cheap glazing. 

The fecond method confifts in immerfing the dried pot- 
tery into a ftrong foiution of fea fait, and afterwards baking 
them. The trial which I have made in my furnaces gives me 
reafon to expect that this method may be ufed in large 
works. 

I have likewife obtained a very black glazing, by expo- 
fmg pottery ftrongly heated to the fumes of fea-coal. I 
have coated feveral veffels in this manner, by throwing 
a large quantity of coal in powder into a furnace wherein 
the pottery was ignited to whitenefs. The effeft is.ftil! 
more complete when the chimneys or tubes of afpiration 
of the furnace are at that moment clofed, and kept fo for 
fome minutes. 

I have given an account of all thefe circnmflances, and 
many others, in a worV prefented to the Royal Society 
of Sciences of Montpellu-r; in which I have proved, from 
the refults of my experiments in the large way, that the 
bell mixture of our own earths is capable of affording US 
the mod beautiful and fined pottery of every kind. 

2. Fayence*. This does not differ from the pottery 
we have here fpoken of, except in the degree of iinenefs 

* Diftinotiiflied by us by die name o{ DJit \Ynx-c. 'i 



Earthy Mixtures. Pottery. ' 1 1 J 

of the earths ufed for its bafis, and the nature of its cover- 
ing or glaze. 

The glazing of fayence is nothing elfe, as is well 
known, but glafs rendered opake by means of the oxide of 
tin. It is the glafs called Enamel. 

To make the fine white enamel of the potters, one 
hundred pounds of lead, thirty of tin, ten of marine fait, 
and twelve of purified pot-afh, are calcined together. 
This mixture, after calcination and fufion, produces a 
beautiful enamel, which is applied in the fame manner ai 
the glaze before fpoken of. 

Bernard de Pal illy excelled in the art of fayencery ; 
and it is to him that we are indebted far our liriL acqui- 
sitions in this manufacture*. 



* I cannot refift my inclination to infer* in this place a few de- 
fiances of the life of this great but unfortunate man, who lived in 
15th century. He was a native of the diocefe of Agcn, and his fir It 
employment was that of furveyor or draftfrnan cf plans : but his tafte 
for natural hiftory led him to abandon this employment ; and he tra- 
velled for inftruclion over the whole kingdom, and Lower Germany. 
An accidental circumftance threw into his hands a cup of enanielL'd 
pottery; and, from that time, his whole time and fortune were taken 
up in experiments on enamels. Nothing can be more intereiling than 
the narrative which he himfelf lias given of his labours. He exhibits 
himfelf building and rebuilding his furnaces ; always on the eve of 
fuccefs ; worn out by labour and misfortune ; the derifion of the public ? 
the object of the angry remonftrances of his wife; and reduced to burn 
his furniture, and even the wood-work of his houfe, to keep lus furnace- 
going. His workman preffes him for money: he ftrips himfelf, and 
gives him his clothes. But at length, by dint of indefatigable labour, 
cooilancy, and genius, he arrived at the defired degree of perfection ; 
which gained him the eft em and confideration of the greatest men of 
his age. , Ke was the fifA who formed a collection of naturaj hiftory- 
at Paris, and even gave lectures on that fcience ; receiving, half a 
crown from each of his auditors, under the obligation of returning it 
fourfold if any thing he taught mould' pi ove falfc. The high reputation" 
be acquired; and the obligations under which bis countrymen flood 
indebted to him, were not fufheient to defend him fc/bffl the perfeoqtiofcs 
of the League ; for Matthew De Launay, one of the greateft fanatics, 
caufed him to be dragged to the Baftile at the age of ninety ye 
He fignalized himfelf in his prifon by acls of hrmnefs ana herbilm. 
Henry the Third vifited him, and reprefented hi in thefe 

■words : " My good man, if you cannot reconcile yourfelf to die matter 
religion, I fhall be compelled to leave you in the hands of my 



#2» J, 
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51 The fined: pottery is known by the name of Porce- 
lain ; it ought to be white, transparent, and of a fine grain. 

The firft porcelains were manufactured in Japan and 
China. 

The celebrated Reaumur firft undertook a capital feries 
of experiments to imitate thefe potteries': but, deceived 
by the femi-tranfparence and vitreous appenrance of por- 
celain, he imagined it to be a fenu-vii/ifcation, and 
attended only to the means of (lopping the procefs of 
vitrification at a certain ilage of its effecT, or of caufmg it 
to become reverfed. He fucceeded in his undertaking, 
by filling bottles with fanp and gypfum, and expoflng them 
10 a potter's furnace. I have likewife produced the fame 
effect by a very different procefs, though dependent on 
the fame theory. When I concentrate my oil of vitriol 
in the green giafs of our manufacture, that part 0: 
retort which is continually fh uck by the riling oil of vitriol 
becomes white, and lofes its tranfparetlee. This pheno- 
menon coni'tantly takes place, whenever th rtfTftd 
fomewhat more than ufual. The retort prd'erves its form; 
but ail its alkali is extracted, and there re: minis bftly the 
quartzofe principle of a beautiful white colour, fomewhat 
< i kicked like the porcelain or japan. A, me rko^poii- 
tion commences at the interior furface, which is i mine 



"enemies. — raimy annverea, '• wre, 1 was peirccuy rcauy w 
V jfurrencier my life for Mie glory of GOD. If this action could 
,: ' been accompanied with any regret, certainly it muii have va.niihc,t 
<• ; . th rapce fay, I This, 

ft fire, \i a - cb Pfither yqurfelf, doe 10 force 

contrary to ypur own diCpdfition, 
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rendered, white, and difcoloured ; while the exterior fur- 
lace remains perfectly vitreous, and exhibits a ftriking 
contrail. For, when the interior furface of the glafs is 
if.fpected, it prefents a white covering applied againft a 
furface of glafs 1 forming, by the union of both, a thicK- 
nefs no greater than that of which retorts are ufually made. 

Father Dentrecolles fent from China the fubftances 
ufed in the fabrication of porcelain : they are known by 
the names of Kaolin and PetunZe. Similar fubflances 
were foon found in France ; and our porcelain manufac- 
tories, in a ihort time, equalled the moil beautiful pro- 
ductions of this kind, and even exceeded them in the 
beauty of defign and figure. The manufactory of Seves 
is at prefent, without contradiction, the firft in the world. 
Nothing can equal the beauty of its paintings, the regu- 
larity of defign, and the elegance of form, which are 
given to the veffels produced in this manufactory. 

Four principal operations may be diftinguifhed in the 
manufacture of porcelain. — 1. The preparation, the mix- 
ture of earths, and the working of the pafte. 1. The 
i;rft baking, which forms the bifcuit. 3. The application 
and fu lion of the glaze and covering. 4. The art of 
painting, which demands a third baking, in order that 
the colours may be better combined, fufed, and amal- 
gamated with the glaze. 

I have m>fclf made very beautiful porcelain with the 
kaolin, which is found in veins in the granite of St. Jean 
de Gardonenque, and the field fpar fo common in our 
mountains of Cevennes. 

Ttie ouantity of porcelain which is made in. China is 
immenfe. There are five hundred furnaces, and near a 
million of men, employed at King-lo-ching, a province 
of Kian-ii. 

Our clays poiTefs other ad\ T antages likewife : they ferve, 
ip the fulling-mills, to clean and full piece goods. The 
bed fullers earth is foft and foapy. 

The name of tobacco-pipe clay is given to a white clay, 

ifih preferves its whitenefs in the fire, and refills a 
\iolent heat. 

The fcaled earth:., or terra? flgilfafse, are clays upon 
T* r h:ch fuperftition has bellowed chimerical virrttes. They 
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are ImprefTed with a feal, for the purpofe of deceiving the 
public with greater certainty and .effrontery. 

Almoft all the marles, more efpecialiy thofe which arc 
found in ftrata, appear to me to be compofed of the fame 
principles. Much variation prevails with reipect. to the 
proportion of thefe conftituent principles, and more efpe. 
dally with regard to the clay which predominates. 

■ 

SPECIES II. 
Alumine, Silex, Pure Magnefia, and Iron. 

Mica, which remits from the mixture of thefe princi- 
pies, has been improperly confounded with talc. Mica 
is foft to the touch, but not greafy like talc. It poffeffes 
in general a more brilliant and lefs earthy colour, if I 
may ufe thefe expreflions. 

The mofl ufual colour of mica is white or yellow, 
inclining to red ; but it has been found of a grcenifh, 
red, brown, and other colours. 

Its texture likewife varies : it is fcaly, lamellated, or 
ftriated. . 

It fometimes exhibits the form of a feginent of an 
hexagonal prifm. 

It is ufually found mixed with feld fpar, quartz, fchorl, 
&c. It almoft always exifts in the primitive rocks. Irs 
fpecific gravity is from 2.535 to 3« o0 ° when charged ■■ 
with iron.-— Kirwan. 

The colourlefs mica is infufibie. It is only partially 
foluble in foda, in which it becomes divided with effer- 
vefcence : it fufes in the borate of foda, and in the phof- 
phate of urine, with fcarcely any effervefcence. 

The coloured micas are fumble. — See De Sauffure. 

The fragments of mica are employed, under the name 
of Cats Gold or Silver, according to the colour, as a 
fand for drying ink upon paper. 

Its yellow colour, which considerably refemblcs that m 
gold, often deceives the ignorant, who luppofe that they 
have difcovercd a mine of this precious metal when they 
find a few pieces of this ftone. 
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Mr. Kirwan obtained from one hundred parts of colour- 
lefs mica, thirty-eight filex, twenty-eight alumine, twenty 
magnefia, and fourteen oxide of iron. 

SPECIES III. 
Alumine, Silex, MagneCa, Lime, and Iron. 

The mixture of thefe principles forms the horn-ftone, 
or horn-blende of the Germans. This flone has a clofe 
grain, is difficultly pulverized, and is llightly flattened 
under the hammer. 

Its colour varies which is either black or of a greenifh 
grey; and its texture is in general either lamellated or 
ftriated. 

Its general characters are, partial folubility in acids 1 
without eifervefcence ; a degree of hardnefs which never 
amounts to that of affording fire with the fteel; a fpecific 
gravity never lefs than 2.66, and frequently as high as 
3.88; a flrong earthy fmell, which it emits when breath- 
ed upon, or is moiftened with hot water; a tenacity under 
the peftle, &c. — See Kirwan, who diftinguifhes two 
varieties. 

VARIETY I. 

Black Hcrne-ftone, Lapis Corneus Nitens Wallerii. 

Its texture is either lamellated or grained. In the firft . 
cafe it is fometimes fo foft as to be capable of being 
fcratched with the nail. Its furface is frequently of a 
fliining, greafy appearance; and its fpecific gravity is 
from $.6 to 3.88. 

Mr. Kirwan found that the lamellated fort contains 
thirty-feveu parts iilex, twenty-two clay, fixteen magnefia,' 
two lime, and twenty-three oxide of iron. 

VARIETY H. 

Horn-done of a Greenifh Grey Colour. 

This variety is either of a granulated or ftriated texture. 
Mr. Kirwan found its fpecific gravity to be 2.683; li l * 
harder thau the preceding. 
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The pale greenifh hone is of this quality. Its grata Is 
clofe; it emits an earthy findl, does not effervefce with 
acids, nor tlrike fire with ftccK It contains, according to 
Kirwan, fixty-rive parts of filex to the hundred, and its 
Specific gravity is 6.664. 

SPECIES IV. 
Ahimine, Sile"x, Gubonate of Magnefia, and of Lime with Iron. 

This fpecies, which comprehends the Hate or fchiftu>, 
does not appear to differ effentially from the preceding, 
fince its principles are the fame, and there is no other 
difference excepting what depends on the ftate of the 
lime and magnefia ; which in this laft effervefces flightly 
with acids, according to Kirwan. 

The flate is an argillaceous ftone, whofe principal 
character is that of being divifible into very thin plates, 
capable of being wrought, and of receiving a certain poli(h. 

The colour of the flate is blue, of feveral degrees of 
intenfity j but this colour varies, and exhibits the following 
{hades. 

variety 1. 

Blueifli Purple Slate. 

This is brittle, and of a lamellated texture ; does not 
give fire with the fteel ; its fpecific gravity is 21876; it 
affords a very clear and filvery found, when divided into 
plates of an uniform thicknefs ; it flightly effervefces with 
acids when it is reduced into powder, but not elfe. 

It forms black fcorise in a flrong fire. Soda afliils its 
fufion, anditis fufedflill more eafily with the borate of foda. 

From one hundred grains of this flate Mr. Kirv.au 
obtained forty-fix filex, twenty-fix alumine, eight mag- 
nefia/ four carbonate of lime, and fourteen iron. 

Slates are ufed to form tablets, and to cover the rooi3 
of houfes. 

VARIETY II. 

Black Slate. 

This receives a confidefable fine polifh when rir 
The powder which is detach' .-, and flighj 

vefces with acids. 
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VARIETY III. 

Blue Slate. 

The blue flate contains lefs iron than the firff, variety. 
• It is ufually hard, and of a very fine grain. 

VARIETY IV. 
Slate of a Pale White Colour. 

It is lefs martial than the other varieties, and is more 
difficultly vitrified. 

Slates are ufed to form tablets, and to cover the roofs 
"of houfes. 

SPECIES V. 

Alumine, Sile", Pyrites or Sulphure of Iron and Carbonate of Lime-, 
and of Magncfia. 

The fchiftlis which remits from this combination is 
known by the tiame ofPyrrtous Schiflus. 

The pyrites arc fometimes difperled in the mafs, in the 
form of cubical cryitais. Sometimes they are difcovered 
only by analyfis, or by the fpontaneous decompofition of 
the (lone. 

The mountains which afford thefe fchifti appear to me 
to be marine depofitions. Impreffions of leaves, of fifties, 
and other characters, are frequently obferved, which, 
leaves no doubt of their origin. 

The pyrites foon efflorefce when the concurrence of air 
and water' villi's their decompofition; and the remits then 
are hilplmric fails, with bafes of magnefia, aiumine, iron 
and lime. When the fulphate of alumine predominates, 
l,t is ca/ied aluminous fchiilus. Moil of the alum ores 

night in Europe are of this nature. We have feveral 

, in Provence which might be wrought; the fchifti of Ve- 

bron in the Gevandan, thofe of Curvalle in the Albigeois, 

brd much alum by their decompofition. 

When the magnefian principle prevails, the effiorefcence 
of Epfom fait. 1 have difcovered a mountain of 

s kind in Rouerguelj in the neighbourhood of Saint 
Michael. 

Thefe efflorefcenfces of alum or Epfom fait are always 
more or lefs abundantly mixed with the fulnhates of iron 

M m 
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and of lime; becaufe the fulphuric acid, which is formed 
by the decompofition of the pyrites, attacks and diffolves 
all the principles contained in the fchiftus. 

The decompofition of thefe: pyrites may be haftened by 
expefure to air, calcination, Zee. 

SPECIES VI. 

Alumine, Silex, the Carbonates of Lime and of Ivlagnefia, the 
Sulphure of Iron, and Bitumen. 

This fchiilus does not differ from the foregoing, except- 
ing in confequence of its being impregnated with bitumen. 
It is ufually of a black colour, which it owes to its bitu- 
minous, principle. Its confidence is various; it is' fome- 
times divifible in flakes, and, its furface is cither fmooth 
or rugged. 

• Thefe are the fchifti which tifaaily form the focus of 
volcanos. When their decompofition is favoured by air 
or water, a prodigious heat is excited, hydrogenous 
is produced, which exerts itfelf againfl the fufrouii'd 
obftacles, and takes fire when it comes in contact v, 
the air. It is this inteiline labour which occaiions the 
fnocks and tremulous agitations that precede the cruptii 
of volcanos. The action of volcanos mull be more lading 
and terrible, in proportion as the quantity of aliment and 
the focus are the more confiderable. 

We might, in frric"tnefs, place the pit-roals here, as 
they do not differ from this fchiflus but in their greater 
abundance of the bituminous principle. We daily obferve 
fpontaneous inflammation to take place in heaps of pyritous 
coal, and the fame eiiecl happens even in the midft, of 
the veins which are wrought. Several examples of this 
may be pointed out in the kingdom of France. There 
even ex ills at Cranfac in Rouergue a true burning volca- 
no. The mountain which contains the coal is protiigioufly 
hot, and flames are perceived from time to time on its 
fufnmit, whi( h ifTue from its bowels. All thefe pheno- 
mena depend on the fame caufe; and from the fraaii 
artificial volcano of Lemery, to the terrible eruptions oi 
Vefuvius, there is no ether dififfc tail sSTiat cenfiits 

in the magnitude of the caufe. 
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' When the earthy and metallic principle? which form 
bails of bituminous fchiiti, are (Iron-!/ beared, and 
Smolt vVnficd by the fire which produces their decompo- 
fition, they confiitutc volcanic produces. 

SPECIES VII. 
AWrine, Siicx, Lime, and W.i'cr. 

This ftone which is called Zeolite, was unknown to 
roincralogtfts before the celebrated Cronitcdt 'gave a de~ 
fcription of it. 

Ji is ufually of a femi-tranfparent white; but this colour 
is fometimes altered by metallic mixtures, and then it 
afltimesall kinds of tinges. 

" The name of Zeolite has been given tp it on account of 
its property of forming a jelly with acids. This property 
has even been confidered as exclufive and chara&eriftic. 
But Mr. Swab has veryjnfdy obferved, in the year 1758, 
that all zeolites do not poffefs this property; and Mr. Pel- 
letier has proved in the twentieth volume of the journal 
de Phyfique that this property is not even peculiar to 
zeolites. 

The exigence of zeolites in certain lavas has induced 
feme naturalifts to cdifider them as produced by the 
decompofition of volcanic earths. 

The molt beautiful zeolites come to us from the iflands 
of Ferroe near Iceland. The form of this ftone is con- 
ftant. The radii which compofe it diverge as it were 
from a central point, and are difpofed after the manner 
of a fan. The radius which terminates at the external 
furface, is found to exhibit a trihedral or tetrahedral 
pyramid. 

The white zeolite alTecls two principal forms, the cube, 
and the tetrahedral prifm, fometimes flattened, and termi- 
nated by an obtuie tetrahedral pyramid. 

Its Specific gravity is from 2.1 to 3. 1 5. 

The zeolite, expofed to a ftrong heat, dilates, and 
fwells more or lefs, according to the proportion of water 
it contains, and at length melts into a porous fcoria. Sods. 
fufes w r ith it with eifervefcence*; the borate of ibda dif- 
folves it more difficultly; and the phpfphates of urine r 
have fcarcely any aclion upon it. 
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Bergraann obtained from one hundred parts of the red 
zeolite of Adelfort, 83fi!ex, 9.5 alumine, 6.5 pure lime, 
and 4 water. — Letters on Iceland, p. 370. 

The white zeolite of Ferroe contains, according to Pel- 
letier, fifty filex, twenty alumine, eight lime, and twenty. 
two water. — Journal de Phyfique, t. xx. 

Meyer obtained from a radiated zeolite 51.33 filex, 
17.5 alumine, 6.66 lime, 17.5 water. 

Mr. Kirwan rightly obferyes, that the cryftallized fpe- 
cies conr^in more water than the others. 

genus v. 

Siliceous Mixtures. 

We {hall place in this genus all the ftones which give 
fire with the fteeh 

species 1. 

Silex, Alumine, Lime, and Iron intimately combined. 

The mixture of thefe feveral earths forms 'the precious 
ftones or gems. All the varieties of gems depend on 
their colour, hardnefs, brilliancy, weight, the proportion 
of their condiment parts, and their more or lefs intimate 
combination. 

The numerous experiments of the celebrated Bergmann 
on precious (tones, have thrown the greatefr. light on their 
nature and compofition. The analyfes of Mellrs. Gerhard, 
Achard, &c. by exhibiting a ftri'ct identity of principles, 
have confirmed to us the remits of the famous Swedifli 
chemift ; and it appears that no reasonable doubt can now. 
be formed againft thofe principles. 

. As gems or precious flones are diflinguiflied in commerce 
by their colour, we lliall preferve this eftablifiicddiftinction. 

division 1. 

Red Gems or Precious Stones — the Ruby, Garnet, &c. 

i. The ruby is a precious Aone of a fiery red colour, 

electrical by friction, giving fire with the fteel, the molt 

ponderous aftd the hardeft of precious (tones. It cryftal- 

s in long hexahedral pyramids applied bafe to bafe, 

without an intermediate prifm. 

Its fpecific gravity is from 3.18 to 4.283. It is not 
vitrified in the fire without addition 3 and even refill. 
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attion of the burning mirror. Flame urged by vital air 
cafily fuCes it. It does not lofe its colour at the degree of 
heat which is.fufucient to melt iron. The borate of ioda 
and the phofphates of urine fufe it. 

One hundred parts of ruby contain, according to Berg- 
mann, forty alumine, thirty-nine iilex, nine lime, and ten 
iron. 

The lapidaries, with whom hardnefs and tranfparency 
are the principal characters of Hones, diftinguim rubies of 
different colours; and the inhabitants of Pegu, who confi- 
der the modifications of the colouring principle as differ- 
ent degrees of maturity, confound the topaz and the 
fapphjre under the name of rubies, of which they make ' 
three varieties. 

The name of Spinelle ruby, or Balais ruby, is given 
to the fame kind of (tone, accordingly as its colour is of a 
pale or a deep red. This ruby crystallizes in octahedrons 
and has a lefs fpecific gravity than the oriental ruby. 

2. The garnet is tranfparent when it is not over-loaded 
with iron. It is in general obedient; to the magnet, and 
of a yellowiih red. The forms of the garnet appear to be 
derived from the rhomboidal parallelopiped, terminating 
in fix equal rhombufes. 

They vary prodigioully in colour, and thefe varieties 
are — i. The red, or the carbuncle of Theophraftus, 
according to Hill: it has a deep red colour. 2. The 
Syrian garnet, of a deep red nightly tinged with yellow. 
3. The violet garnet, of a beautiful red mixed with 
violet. 

All the garnets, whether denominated oriental or acci- 
dental, rank in one of thefe three dalles. 

Garnets change in the fire into an enamel of a blac&iili 
red. They are ftrongly attacked by the borate of foda, 
and the phofphates of urine. 

Garnet is found in fmall grains in fand flone (gres) or 
in fchiftus. 

The texture of the garnet is laniellated, and its fracture 
vitreous. 

Its hardnefs is inferior to that of other gems., but it 
exceeds that of rock cryfhl. 
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Its fpecific gravity is from 3.6 to 4.188. 

One hundred parts of garnet contain, according to Mr. 
Achard, 48.3 filex, 3b clay, 11.6 lime, 10 iron. 

They fome times contain tin, or even lead j but this is 
feldom.— -Bergmann. 

DIVISION 11. 
Yellow Gems or Precious Stones — the Topaz, the Hyacintr, & c . 

r. The topaz is of a gold colour. We are acquainted 
with two principal varieties : the occidental or Brazilian 
topaz, which has the beautiful deep yellow colour of gold; 
and the oriental, whofe colour is lighter. The Saxon 
topaz refembles the latter. 

The oriental topaz lofes neither its colour nor its tran- 
fparency in the porcelain furnace. The Brazilian topaz 
lofes its polifh, its hardnefs, and its tranfparency, but 
without melting. 

The oriental topaz affects the octahedral form. 

The Brazilian topaz cryftallizes in rhomboidal tetra- 
hedral prifms, grooved 'longitudinally. They are termi- 
nated by two tetrahedral pyramids with fmooth triangu- 
lar faces. 

The Saxon topaz exhibits long fuboctahedral prifms, 
terminated by hexahedral pyramids more or lefs truncated 
at their bafe. 

The fpecific gravity of the oriental topaz is to that of 
water as 40,106 to ic,ooo ; that of the Brazilian topaz 
is as 35,365 to io,coo. — See Briffon. 

The analyfis of one hundred parts of topaz afforded 
Bergmann forty-fix clay, thirty-nine filex, eight carbonate 
of lime, and fix iron. 

2. The oriental hyacinth is of a reddifh yellow colour. 

It is ufualiy cryftaliized in the form of a rectangular 
tetrahedral prifm, terminated by two quadrangular pyra- 
mids with rhombic faces. 

It lofes the brilliancy of its colours by the fire. Tvl. 
Mongez confiders it as infufible by the blow-pipe. Mr. 
Achard affirms that he fufed it in a wind furnace. 

One hundred parts afforded Bergmann forty aluminc, 
twenty-five filex-, twenty carbonate of lime, and tl. 
iron. That of which Mr. Achard has given the analyfis, 
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contained 41.33 alumine, 21.66 filex, 20 carbonate of 
lime, 13.33 iron. 

Hyacinths are fount? in Poland, in Bohemia, in Saxony, 
Velay, &c. 

The hyacinth, rendered white by fire, is known by 
the name of Jargon. According to Mr. Lavoifier, the 
hyacinth of Puy in Velay becomes white in fire urged by 
vital air. 

Ik fpecific gravity, compared with that of water, is as 
36,873 to 10,000.— See BrhTon. 

DIVISION III. 

Green Gems — the Lmerald, Chrysolite, Beryl, &c. 

i. The Peruvian emerald is of a green colour, electrical 
by friction, and cryftallized in hexahedral prifms, trun- 
cated flat at each extremity. 

The jafpers, or green fchorles, which are called prafe 
or mother emerald, have often been confounded with the 
emerald. 

Cryftals of emeralds are frequently found inferted in the 
gangues of quartz, and even oi fpar. 

According to Mr. Sage, the more tranfparent emeralds 
arc, the lefs their colour is changed in the fire. They 
become opake, and of a greenifh white. There are fomc 
which are reduced to enamel at their furface. 

Mr. Darcet affirms, that in his experiments the emf^ 
raid loft its transparency, and mod of its colour, but that 
its form was not changed. In the experiments at Vienna 
in Anuria, the emerald melted in twenty-four hours ; and 
at Florence it was fpeedily fufed by the burning mirror. 
Mr. De Sauifure fufed it by the blow-pipe into a compact 
grey glafs ; and Mr. Lavoifier, with a ftream of viral 'air, 
fufed it into an opake milky bubble, whole internal part 
was greeniih. 

Its fpecific gravity, compared with that of water, is in 
the proportion of 27,75c to 10,000. 

One hundred pam afforded Bergmann fixty alumine. 
twenty-four filex, eight lime, fix iron. 

Achard obtained 60 aki:.: . .;e, 21,26 fi}< 5 Ihn^S 

and 5 iron. 
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The emeralds which come from America are called occi- 
dental. Peru and the Brazils afford the moll ban; 
they may be diftinguifhed by the colour ; that of Puu is 
«f a fatin colour or appearance ; the colour of the Bra. 
zilian is lefs lively. 

The emerald is the fofteft of gems, and may be fcratched 
by the topaz, the fapphire, £:c. 

i. The chryfolite or peridot is of a green colour, flight!)- 
inclining to yellow. 

Its form is that of an hexahedral pyramid with unequal 
fides, frequently ftriated, and terminating in two hda» 
hedral pyramids. 

Mr. Sage affirms that this (lone fullers no alteration in 
,lhe mod violent heat, its colour not being fo much as 
altered : and the fame chemift pretends that Wa'l 
"did not operate on a true chryfolite, becaufe he affirms 
that it loft its colour. Meffrs. Lavoifier and Erhmann 
fufed it into a white, dirty, dull- coloured glafs, by the 
afliftance of vital air. 

The fpecific gravity of the Brazilian chryfolite is in pro- 
portion to that of water as 26,923 to 10,000. — Briuon. 

MafTes of granulated chryfolite of various fhudes of 
green colour are found in the prifmatic bafaltes, and in 
feveral other volcanic producls. 

Thefe chryfolites are common in the volcanos of our 
province. Mr. Sage received from Auvcrgne an hexa- 
gonal prifm fix inches in diameter, formed by the union 
of chryfolites of different colours. 

3. The beryl, or aqua marina, is of a very blueiia 
green. 

The Saxon beryl, as well as that of vSiberia, fent 10 
Mr. Sage by Mr. Pallas, exhibits hexahedral, ftriated, 
truncated prifms, of a lamellated texture. 

The pure beryl decrepitates in the fire, lofes its tranf- 
parence, and is fufible by the blow-pipe. 

Its fpecific gravity, in proportion to watejr, is a 
to 10,000, for the orienral aqua marina j and 27,2,27 10 
10. coo for the occidental. — Briilon. 

A blue aqua marina, in long, flattened, tetrahiedr.al 
:>, grooved longitudinally, and united i' ' 
found among the granites of Spain, and 0:1 th 
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of Saint Symphorien, near Lyon. This ftone is very 
common at Baltimore in America. 

DIVISION IV. 
Liu: Gems — Sapphire. 

The colour of the fapphire is a rky-b!ue. The fap- 
phires of the brook d'Expailly have a green tinge, and 
change in the fire in the fame manner as thofe of the 
Brazils ; whereas the oriental fapphire is not changed in 
our ordinary furnaces. Mr. Erhmann caufed the clear 
oriental fapphire, and of a perfect blue, to run into an 
©pake white globule by fire excited by the ftream of 
oxigene. 

The experiments of Meflrs. Achard, Sage, D'Arcet, 
Erhmann, Lavoifier, Geyx, Quiff., &c. exhibit a variety 
of refults in the analyfes of gems by fire, which can be 
attributed only to the manner in which they applied it ; 
and more efpecially to the very variable nature of the 
(tones upon which they made their experiments. 

The oriental fapphire, and that of Puy, have the form 
of two very long hexahedral pyramids joined and oppofed 
bafe to bale, without an intermediate prifm. Mr. Sage 
faw a fapphire in a rhomboidal cube, or fix-fided figure. 

The fapphire analyfed by Bergmann afforded him per 
quintal, 58 parts alumine, 35 filex, 5 lime, and 2 iron. 

Mr. Achard obtained from his analyfis 58.33 alumine, 
33.33 filex, 6.66 lime, and 3.33 iron. 

Tiie fpecific gravity of the fapphire of Puy is in propor- 
tion to water as 40,769 to 10,000; that of the white 
oriental fapphire is as 39,911; aad that of the Brazilian 
fapphire is as 31,307. 

SPECIES 11. 

Silex, fometimes pure, but oftencr mixed with a very fmall quantity 
of Alumine, Lime, and Iron. 

This fpecics effen daily comprehends quartz and rock 
cryltal. 

The name of Quartz is given to the opake, or irregu- 
larly-figured viti ; ana that of Rock Cryftal 
to the fame ftoiie cryitatfized. As the principles arc 

Kn 
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nearly the fame, this circum(hmce naturally eftablifhes a 
divifion of thefe ftones into two claiTes. 

division i. 

Rock Cryftal. 

Rock cryftal is a ftone which exhibits filex in a ftatc 
more nearly approaching to purity than in any other 
natural fubitance yet obferved. Mr. Gerhard has even 
found fpecimens perfectly pure ; but one hundred parts 
of cryftal, ftrictly analyied by Bergmann, afforded him 
ninety-three parts filex, fix alumine, and one lime. 

The ordinary form of rock cryftal is that of an hexa- 
hedral prifm, terminated by pyramids of an equal num- 
ber of fides. The varieties of the feveral cryftals may 
jpe reduced to this geometrical form. — Confult Rome de 
Lifle. 

Quartz cryftallizes likewife in cubes. This form exifts 
in various fpecimens in the cabinets of Germany ; and Mr. 
Macquart brought a fpecimen with him to France. 

The formation of this cryftal appears to be owing to 
water, for we often find this fluid in the internal part of 
cryftals ; and they are evidently formed in the clefts and 
cavities of the primitive rocks, by the concurrence of 
this agent, But hitherto we have acquired very little 
knowledge refpecYmg the circumftances of this "operation. 

Bergmann obtained rock cryftals by diffolving filex in 
the fluoric acid, and Suffering it to evaporate flowly. I 
left on the tables of my cabinet of mineralogy a receiver 
and a retort, in which I had made the acid of fluor ; and 
when I had occafion, two years afterwards, to infpeft this 
apparatus, I found the receiver almoft entirely corroded, 
and its interior furface lined with a fubtle powder, in 
which thoufands of rock cryftals might be difcerned. 

Mr. Achard informed the public that he had obtained 
rock cryftals by caufmg water impregnated with carbonic 
acid to filtrate through c! Ian even pre- 

sented thefe cryftals to the Academy at Paris ; but the 
experiment, though repeated with the greateft care by 
feveral chemifts of the capital, was net attended with the 
fame refults. 
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Since that e r Tr. Dc Morveau, having jnclofe^l 

rock cryftals with a bar of iron in a bottle filled with 
gafeous water, perceived a vitreous point fixed to the iron, 
which he fuppofed to be a rock cryftal formed by this 
operation ; lb that he confiders iron as a necefiary. inter- 
medium to. enable the carbonic acid to diffolve quartz. 
This confequence of Mr. De Morveau appears to agree 
with many fafts which have been collected concerning 
the formation of rock cryftal. We fee it formed inochre- 
.ous earths; and I poffefs ochres, in my collection which 
poffefs many of thefe fmall two-pointed cryftals, 

It appears to me that it is not neceffary to feek for a 
folvent for filex, in order to explain the formation of rock 
cryftal. The fimple di-vifion of this earth appears to me 
to be fnfficient for the purpofe ; and I could bring nume- 
rous fa«s t6 fupport this afTertion. — See the article Crys- 
tallization. 

It is proved by the obfervations and experiments of 
Mr. Genfiane, that a quartzofe gurh is formed by fimple 
tranfudation upon rocks of this nature ; and the fame 
naturalift has taken notice that, when the gurh is worn 
and depofited by water, rock-cryftals are formed. The 
waters which work their way through the quartzofe 
rocks of the mine of Chamillat, near Planche les Mines 
in Franche-comte, form quartzofe ftalactites to the roof 
of the works, and even upon wood. The extremities of 
thefe flalaftites which have not yet affirmed a folid con- 
fidence, are of a granulated and cryftalline fubilance, 
eafily crufhed between the fingers. 

In thefe cavities, called craques by the miners, a fluid 
gurh is often found, and {till oftcner cryftals ready formed. 
I have feen at Saint Sauveur, in the work of La Boilllcre, 
near Bramebiaou, feveral inci uftations of gurh on the fides 
of the gallery; and thefe fpreading incruftations were ter- 
minated by well-formed cryftals, wherever the wall over- 
hung or deviated from the perpendicular. This gurh, when 
handled, and minutely examined, had no other appearance 
than that of a filiceous pafte of considerable purity. 

The fame effects appear to take place with regard to 
rock cryftals, as with the calcareous fpars. They are 
formed whenever their principles, in a ilate of extreme 
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itenuation, are fufpended by water, and 
cepofiteci wi h all the circumftanccs which nature requires 
in order that cryflallization may take place. I do not even 

nk it neceffary to recur to the property which water 
poffefles of fenfibly diffolving filex, to explain the forma- 
tion of thefe cryflals : and we (hall refer the formation of 
quartzofe ftalacYites, agates, &c. to the fame caufe. 

Rock cryftal is frequently coloured by iron, in which 
cafe it affumes peculiar fhades, which have been denoted 
under different names. We (hall place them here as 
fimple varieties. 

VARIETY. I. 

Red Cryftal — False Ruby. 

It is frequently mixed with different (hades. Its colour 
is deftroyed by fire, according to Mr. D'Arcet. It is 
found in Barbary, in Silef.a, in Bohemia, &c. 

When it is of a dull red, it is called the Hyacinth of 
Compoltella. 

r v A R I E T Y II. 

Yellow Cryftal — Bohemian Topaz. 
It has fometimes a tinge inclining to yellow; its colour 
is often internal only. It is found in Velay, near Briibl 
in England, &c. 

VARIETY III. 
Brown Cryftal — Smoky Topaz. 
This brown tinge varies from a light brown to a deep 
black. I h atfEritfed that they may be rendered clear by 
boifoi > them in tallow* — See Journal de Phyfique, t. vii. 
p. ]6o. 

It is found in Switzerland, in Bohemia, in Dauphiny, &c. 

VARIETY IV. 
Green Cryftal — False Emerald, 
This is the mod fcarce and the moft precious of colour- 
ed cryftals. It is found in Saxony and Dauphiny. 

V ARIETY V. 
Elue Cryfhi — Water Sapphire. 
It does not appear to differ from the true fapphire, 
excepting in being lefs fcavd. I have fecn a fpecimtn 
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Which had this colour. It is found in Bohemia, in Silefia, 
and at Puy in Valay, which has caufed it to be called 
the Sapphire of Puy. 

VARIETY VI. 
Violet Cryftal — the Amethist. 

Its colour is more or lefs deep; and it affumes a confi- 
derable brilliancy by polifhing. When the cryftal is only 
half coloured, it is called Prime d y Amethijle. It lofes its 
colour by a ftrong fire, according to Mr. D' Arcet. This 
cryftal is found of fufficient magnitude to form columns of 
more than one foot in height, and feveral inches in 
diameter. 

DIVISION II. 
Quartz. 

Thofe fpecimens of filiceous (lone in which no regular 
form appears, and which we here comprehend under the 
name of Quartz, poffefs various degrees of tranfparency. 
Its colour differs prodigiouily ; and it may be diftin- 
guifhed into varieties and fhades perhaps more numerous 
than in rock cryftal itfelf. 

It feldom forms entire mountains, but almoft always 
interfects, by veins more or lefs wide, the mountains of 
primitive fchiftus. At all events, I have made this obfer- 
vation in every mountain of this kind which I have exa- 
mined. 

The blocks of quartz, detached by waters, are rolled, 
rounded, and depofited in the form of large ftones on the 
banks of rivers. The fame ftones, more attenuated, form 
the quartzofe pebbles; and thefe, ftill more divided, pro- 
duce fand. 

This ftone is very refraclory. It is ufed as the bafis of 
bricks employed in the conftru&ion of glafs furnaces. 
For this purpofe it is calcined to whitenefs, and in that 
ftate thrown into water. By this means it may be eafily 
reduced to powder, and difpofed to form a combination 
with clay. 

Quartz, well pounded, and ufed in the compofition of 
bricks, does not equally refift the impreftion of fire, if the 
precaution of calcining it, and extinguishing it in water, 
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has not been taken. I have obtained a proof of this faft 
by employing the fame kind of quartz in both ways. 

This fand forms an excellent mortar with good lime- 
and, when fufed with alkalis, it produces a very beautiful 
glafs. 

SPECIES III. 
Silex, Alumine, Lime, and Iron, intimately mixed. 

The flate of finenefs in the condiment principles, and 
their more or lefs intimate mixture or amalgamation 
appear to us to eftablifli two divifions among the (tones of 
this fpecies. We mail accordingly diftinguifh them into 
coarfer flints and finer flints. The firfl form gun flints, 
petrofilex, &c. 5 the fecond comprehend agates, calce- 
donies, &c. 

division 1. 

The Coarfer Flints. 

In this place we {hall arrange two ftones which appear 
to differ only by a more or lefs evident degree of tranfpa- 
rency. The filex, or flint properly fo called, is femi-tranf- 
parent, when very thin, as for example at its edges: the 
petrofilex has a more opake colour. 

1. Gun Flint. — The gun flint gives fire with fleel: its 
colour is ufually brown; and its furface very frequently 
exhibits a whiter colour than the middle, and lefs hard 
than the nucleus of the (lone. This external part flicks to 
the tongue, and indicates a commencement of decompo- 
sition. 

The abbe Bacheley has afferted that marine produc- 
tions, fuch as polipiers, fliells, &c. are capable of pa.': 
to the flate of gun flint.— Journal de Phyfiquc, Supple- 
ment, 1782, t. xxv. 

The fpecific gravity of gun-flint is from 2.6 <; to 2.7. 
This ftone does not melt in the fire ; but it becomes white 
and brittle by repeated calcinations. 

The common brown (ilex afforded by analyfis to Mr. 
Wiegleb, per quintal, eighty filcx, eighteen alumine, and 
two iron. 
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2. Petrofilex. — The colour of petrofilex is a deep blue, 
or a yellowifh grey. It is interfperfed in veins through 
rocks ; and from this circumflance it derives its name. 

Its fpecific gravity is from 2.59 to 2.7. 

It becomes white in the fire like gun flint; but it is 
more fufible, for it flows without addition. Soda does 
not totally diflblve it in the dry way; but the borate of 
foda, and the phofp hates of urine, diflblve it without 
effervefcence. 

Mr. Kirwan obtained from a petrofilex, ufed in the 
manufacture of porcelain by Mr. Lauraguais, feventy-two 
parts filex, twenty-two alumine, and fix lime, in the 
quintal. 

DIVISION 11. 
The Finer Flints. 

This divifion exhibits feveral {tones, which, though 
diflinguifhed by names and a different value, are never- 
thelefs only varieties of each other. We (hall content our- 
felves with enumerating the chief. 

1 . Agate. — This is a femi-tranfparent filex of a very 
fine body. Its texture is vitreous; and its hardnefs fuch 
that it refills the file, gives fire with the fleel, and takes 
the mod beautiful polilh. 

The agate when expofed to the fire, lofes its colour, 
becomes opake, and does not melt. 

The varieties of agates are infinite. They are founded 
on the colour; and they are diit-inguifhed into clouded, 
punctuated, fpotted, iriied, herborized, moffy, &c. See 
Daubenton.— -The name of Onyx is given to that kind of 
agate which is formed by concentric bands. Mr. Dau- 
benton has proved that the agate which has received the 
name of mc/lTy,is really coloured bylhrall moffy vegetations. 

The pureft agate is white, tranfparent, and nebulous. 
Such is the oriental agate, which befides appears as if it 
had protuberances or knobs on its furfaces. 

Its fpecific gravity is 2.64. I conildcr the agates, and 
the other flints concerning which we Avail proceed to treat, 
as quartzofe ftala&ites. The fides of geodes which are; 
agatized, and the ftrata of thole flints which are found in 
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places where infiltrations produce rock cryftals, appear to 
me conclufive in favour of this doctrine. The agates have 
the fame relation to quartz as the alabafters to calcareous 
{tones, and the theory of their formation is the fame. 
Mr. Dorthes has exhibited many proofs of this theory 
refpefting the formation ofthefe (tones. 

i. The Opal. — The femi-tranfparent agate of a milky 
whitenefs, which exhibits a glittering, changeable, inter- 
nal colour of a blue, red, and green tinge, is known by 
the name of Opal. That which comes from Hungary has 
a kind ofgreyifti clay for its gangue. The moft beautiful 
opal is the oriental opal; fometimes called the fpangled 
opal, becaufe its colours appear like equal fpots diftributed 
over its whole furface. Thefe opals have received various 
names, according to the colours they reflect. 

The chatoyant (tones, or fuch as vary their colour 
according to the pofition of the light, and the eye of the 
obferver, are varieties of the opal. Such are the girafol, 
the cat's eye, the fifth's eye. 

The reflected rays of the girafol are weak, blueim, and 
mixed with an orange yellow. This (lone has been found 
in the lead mines of Chatelaudrcn in Britanny. The mod 
obvious character of the girafol is, that it exhibits in its 
internal part a luminous point j and reflects the rays of light 
in whatever pofition it may be turned, when it is cut into a 
globe or hemifphere. The cat's eye has a point near the 
middle, from which proceed, in a circle, greenifh traces 
of a very lively colour. The mod beautiful (tones of this 
kind are of a grey and mortdore colour. They come 
from Egypt and Arabia. 

The fifth's eye does not differ from the cat's eye except- 
ing in its colour, which is blueiiji : it is found at Java. 

3. Calcedony. — The calcedony is a femi-traniparent 
agate of a milky whitenefs, differing from the foregoing in 
not poffeffing the chatoyant property, or changeableneis 
of colour. 

It has been found in the mines of Cornwall, in (talaetites 
of liritmlar elegance. Thefe calcedonics are almofl always 
covered with protuberances like the ftalagmites. 

The protuberances appear to be formed by the fuccefuve 
apportion of feveral ftrata or coatings. 
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In Monte Berico, in the territory of Vicenza, geodes of 
Calcedony are found which inclofe water. They are called! 
Enhydria. 

I pofTefs, in the Mineralogical Cabinet of the province, 
calcedonies of Auvergne, which appear to be cryftallized 
like rock- cryflal. The cryftals have all the fat and unc- 
tuous appearance of the fame balls which are difperfed on 
the rock; but, when they are broke, it is feen that the 
appearance arofe from a covering of calcedony over the 
cryilal of quartz. 

Mr. Bindheim analyfed calcedony, and found, in the 
centenary, 83.3 fiiex, 11 lime, 1.6 alumine, and a final! 
quantity of iron. — Schrift. Natur. For. Free. t. iii. p. 
429. 

Mr. Darcet did not fucceed in fufing calcedony, but it 
loft its colour. 

Calcedony has often a fnade of blue, yellow, or red. 
Mr. De Carozy and Mr. Macquart obferved in Poland 
the transformation of gypfum to the (late of calcedony.. — . 
See the Elfai de Mineralogie par M. Macquart, premier 
memoire. 

Cacholong. The white and opake calcedony is known 
by the name of Cacholong. Its texture refembles that of 
quartz, and it becomes white in the fire. This Hone is: 
capable of a fine polifli. It is found on the banks of a 
river named Cach, near the Kalmouks of Bucharia, in 
V/hofe language the word cholong fignifies fcone. 

An imaginary value has been given to a modification of 
the cacholong, which has the property of becoming tranf- 
parent after having been plunged in water. ' This is called 
Hydrophanes, Lapis Mutabiiis, Oculns Mundi. Mr. 
Dantz brought hydroplanes to Paris which became tranf- 
parent when plunged in water. 

Mr. Gerhard, on the 28th of Auguft 1777, r ead to 
the Academy of Berlin Obfervations on the Hydrophanes. 
He found that this (tone contained two-thirds of clay, and 
one third of filex. This celebrated fcattURljft affirms that 
the hydrophanes was known to Bovie, who faw one of 
them about the fi Z e of a pea fold in London for two hun- 
dred pounds ilerling. 

O 
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The hydrophanes is fufible in the fire. Soda difiblves 
it with effervefcence ; the borate of foda, and the phof- 
phates of urine, without effervefcence. 

5. Carnelian. Sardonyx. The carnelian is a fpecies of 
agate, nearly tranfparent. It is called Carneole when it 
has the colour of flefli. Its hardnefs varies prodigioufly. 
Thofe which are white or yellowifh are not fufficiently 
hard to give fire with the fteel. When ignited it lofes its 
colour, and becomes opake. The mod beautiful fpecimens 
refcmble the garnet. Its fpecific gravity is from 2.6 to 2.7. 

The fardonyx is a femi-tranfparent filex, of an orange 
colour, more or lefs deep. It is knobbed like the cake- 
dony ; and pofleffes the hardnefs and fpecific gravity of 
that (tone. Its habitude in the fire refembles that of the 
agate. In the Royal Wardrobe of France there are veffels 
of fardonyx of an afioniming magnitude and beauty. The 
famous murrhine vafes were of fardonyx. Sage, t. ii. p. 163. 

SPECIES IV. 
Silex, Alumine, and Iron. 

Jafper is one of the hardefl (tones we are acquainted 
with. It is fufceptible of the fined polifli ; and its colour 
varies prodigioufly, which has occafioned it to receive the 
names of Sanguine Jafper, Green Jafper, Flowered Jafper, 

&c. 

Mr. Wedgwood allured Mr. Kirwan that jafper hardens 
in the fire without melting ; and Mr. Lavoifier could not 
obtain a perfeft fufion by the atfiftance of oxigenous gas. 
The furface only becomes vitreous. 

Mr. Gerhard aficrts that fome fpecies are fufible ; and 
Mr. Kirwan attributes this property to the mixture of lime 
and iron which produces the fufion. 

Its excelfive hardnefs has induced the favages of Canada 
to avail themfelves of it in the fabrication of the heads of 
javelins. 

Mr. Donhes has found, among the worn (tones of the 
Mediterranean (bore, javelin-heads of porphyry, jafper, 
horn-Hone, fchorl, variolite, &c. probably fabricated by 
the ancient inhabitants, the Gauls. 
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Thefe javelin-heads are commonly known by the name 
of Thunder-ftones, and are diftinguilhed by lithologifts by 
the name of Ceraunites. 

SPECIES V. 

Silex, Alumine, Lime with a fma.ll portion of M;tgnefia, and Iron. 

This fpecies comprehends all the fchorles; and moft of 
the volcanic products. As the tourmaline is evidently 
nothing more than a variety of the fchorl, we (hall place it 
here, though analyfis has not difcovered an atom of mag- 
nefia in it, and the nature of its principles confounds it 
with precious (tones. Moreover by placing it between 
thefe and the fchorls, it polfelTes a fituation affigned to it 
as well by its natural characters as by its conftituent prin- 
ciples. 

I. The Tourmaline.-This ftone poffefTes the tranfparency 
of the fchorl. Its appearance and fracture are vitreous, its 
texture lamellated. its hardnefs fo considerable as to cut 
glafs. When heated to the two-hundredth degree of Fah- 
renheit, it becomes electrical; a ftronger fire deprives it 
of this property. It is fufible by the blow-pipe, with ebul- 
lition : the pure tourmaline was melted into a black glafs, 
in the experiments of Mr. Lavoifier. 

Tourmalines have been found in the ifland of Ceylon, 
in Tyrol, and in Spain. 

Its form is that of a nine-fided prifm, terminated by two 
flat trihedral pyramids. Mr. De Joubert poffdTes one 
whofe prifm is feven inches and a half long, and eleven 
inches in circumference. 

The prifmatic tourmaline has no electric effect but 
according to the direction of its column; the fphere of 
activity of the Spanifh tourmaline is more extenfive than 
that of Tyrol. 

The valuable refearches of Bergmann upon this Itone 
may beconfulted in his diiTertation concerning its analyfis. 
Mr. Tofani has annexed a fet of intereiiing notes to his 
tranflation of this work. 

The refults of Bergmann's analyhYexhibit its component- 
parts in the following proportion: 
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1. The tourmaline of Tyrol contains alumine forty-two, 
filex forty, lime twelve, iron fix. 

2. The tourmaline of Ceylon, alumine thirty-nine, filex 
thirty-feven, lime fifteen, iron nine. 

3. The tourmaline of Brazil, alumine fifty, filex thirty, 
four, lime eleven, iron five. 

The fpecific gravity of the tourmaline of Ceylon is 
30,541, that of Spain and of Tyrol is 30,863, water being 
j 0,000. — -See Briflbn. 

II. Schorl. The diftinft properties of fchorl are, an 
appearance of femi vitrification, fufibility in a moderate 
fire, andhardnefs approaching to that of cryftal. 

There are few (tones which exhibit a greater variety of 
form or colour. 

They enter into the compofition of porphyry, of ferpen- 
tine, of granite, and are very frequently found with the 
jnagnefian {tones. 

We (hall diitinguifh the fchorls into cryftallized and irre- 
gularly-fhaped fchorls. 

A. All the varieties which depend upon colour may be 
reduced to four, 

1. Black Shorl. — The black fchorl is found chiefly in 
granites. It has almoft always the form of prifms more or 
lefs perfect. The number of fides of thefe prifms is various; 
they are fometimes grooved ; they fomet imes terminate in 
trihedral obtufe pyramids, placed in contrary directions ; 
in fome places they are found feveral inches long, and 
the union of thefe prifms frequently forms groupes of feve- 
ral in diameter. Their black colour is more or lefs deep. 
When urged by fire, they become refolved into a black 
pniform glafs of an imperfect fluidity like pa(te. 

The analyfis of the black prifmatic fchorls of Gevaudan 
afforded me, per quintal, fifty-two filex, thirty-feven alu- 
mine, five lime, three magnefia, and three iron. 

2. Green Schorl.- — This variety exhibits the fame form, 
and the fame modifications ; but the moft common of its 
cryftallizations is that of a tetrahedral prifm, terminating 
in fhort pyramids likewife tetrahedral. 

3. Violet Schorl.- — This variety was difcovered in 1781 
"by Mr. Schreiber, below the grotto of Aur.is; fituated at 
the diilance of one league fromBourg D'oifan inDauphiny* 
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Mr. De laPeyroufe likewife found it at the Peak of Dretliz. 
in the Pyrenean Mountains. 

This Schorl poffeffes a certain degree of tranfparency. 
It is cryftallized in rhomboides ; its texture is lamellated ; 
two of the rhomboidal planes of each pyramid have their 
faces ftriated parallel to each other. 

Schorl lofes its colour in the fire, and one thirteenth of 
its weight ; it becomes of a greyifh white : and with a 
ftronger degree of heat it fwells up, fubfides, and forms a 
black enamel. 

Its fpecific gravity is 32,956, according to BrhTon. 

4. White Schorl. — This variety has been found in the 
mountains of Corfica, Dauphiny, and the Pyrenees. It 
is of an opake white colour, and vitreous appearance ; and 
is found in cryflals on the furface of certain flones of the 
nature of the lapis ollaris. I have feen a layer of this 
fchorl between amianthus and the lapis ollaris. It melts 
in the fire into a white enamel. 

The analyfis of this fchorl from the Pyrenean Mountains 
afforded me, per quintal, fifty-five parts filex, twenty-two 
alumine, thirteen magnefia, and feven lime. 

B. The fchorl in connected maifes nearly approaches 
the jafper in its external chara&ers. It may be diftin- 
guifhed however by its fracture, which is of a dryer grain, 
and exhibits a difpofition to cryftallization. This flone 
ferves as the bafis to feveral porphyries. The variolite of 
Durance, a flone fingular on account of the fuperftitions to 
which it has given rife, is a fchorl in the rnafs, covered 
with grains of the fame nature as the ground, but of a 
clearer green. 

Mr. Dorthes has obferved variolites on the coaft of our 
Mediterranean fea ; and affirms that this flone in its decom- 
pofition undergoes changes of colour which fucceed each 
other in the order of the folar fpeclrum. 

III. Volcanic producls. — The principal producls of 
volcanoes are bafaltes, lava, and terra pozzolana. Thefe 
fubflances are abfolutely of the fame nature ; but they are 
principally diflinguimed by the name of Bafaltes when 
their form is regular. When they have no determinate 
figure;, they are denominated Lavas ; and when confider- 
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ably attenuated they are diftinguifhed by the name of 
Terra Pozzolana. 

Bafaltes is diftinguiihed into the prifmatic bafaltes with 
a number of fides, from three to feven ; the bafaltes in 
tables and the fpherical bafaltes. 

Lava is diftinguiihed into compact lava, porous lava, 
twitted lava, lava in tears, &c. 

Several naturalifts have claffed the bafaltes with the 
fchorls, and fome of them have amgned the fame origin 
to both. It appears neverthelefs to be generally agreed 
that bafaltes is a product of fire. 

It fometimes differs from fchorls in its chemical analyfis, 
and alfo in the circumftance of its not always affording 
magnefian earth. 

The colour of bafaltes is of a deep green, almoft con- 
ftantly covered or enveloped with a ferruginous cruft lefs 
blaick than the internal part. The iron is in the ftate of ochre. 

Its form is conflantly prifmatic, which is the natural 
effect of the contraction which it fuffers in cooling. 

Bafaltes is converted by fire into a mod: beautiful black 
glafs. This property, which is admitted by every chemift, 
induced me to fufe it, and blow it into bottles. 

The attempt was perfectly fuccefsful at the glafs-houfe 
of Mr. Gilley of Allais, and at that of Mr. Giral of Erepian. 
I flill preferve the firft veffels which were blown of this 
fubftance : they are of the moft beautiful black, afronifh- 
ingly light, but without tranfparency. Encouraged by 
this firft fuccefs, I requeued Mr. Caftelveil, the proprietor 
of another glafs-houfe, to undertake fome experiments-, 
and in confequence of various trials we fucceeded in fabri- 
cating bottles of an olive green, in which the moll extreme 
lightn'eTs, and a truly aftonifhing degree of folidity, were 
united. Pounded bafaltes, foda, and fand, in nearly equal 
proportions, formed their compofition. The properties of 
thefe bottles, as proved by my own experiments, as well 
as by thofe which Mr. Joly De Fleury, at that time comp- 
troller-general, ordered to be made, render them of the 
grealeft value in commerce ; and Mr. Caftelveil was unable 1 
to fupply the numerous orders he received. This manu- 
facture fupported itfclf with fuccefs for two years : but at 
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the end of that, time the fuperiority of the bottles ceafed to 
be the fame ; the manufacturer received the reproaches of 
the confumer ; this fuperb eftablifhment gradually fell off, 
and was at length abandoned. 

Since that period I have made feveral experiments in the 
large way, from which I have obtained refults that may 
be of fervice to fuch as are defirous of following this manu- 
facture. 

1 . The nature of the combuftible ufed in glafs-houfes 
has a prodigious effect in modifying the refults of experi- 
ments. The fame bafaltes which Mr. Caftelveil confidered 
as too refractory in his furnace heated by wood, was found 
of too fufible a nature by Mr. Giral, who was in the 
habit of ufing pit-coal in his glafs works. The former 
manufacturer accordingly made his glafs by adding foda to 
the lava, whilft the latter mixed it with a very refractory 
fand. 

2. The fame lava, fufed without addition, may be 
blown in one glafs-houfe, and not in another. This irre- 
gularity appeared to me atfirfl to depend eifentially on the 
/kill of the workmen; but I have been fince convinced that 
it is totally independent of that circumflance. 

In a furnace which is fcrongly heated, the fufed lava 
fometimes becomes fluid like water, aid drops from the 
iron tube as fcon as it is collected. The fame lava, when 
fufed in other furnaces, will preferve a fuhicient degree of 
. confidence to admit of being blown. I am myfelf well 
affured that the lava might be wrought in any glafs-houfe 
whatever, provided the moment was fcized in which the 
pafte was neither too fluid nor too thick to be wrought* 
but thefe attentions are too delicate, and too minute, to be 
obferved in works in the large way. 

3. The hardefl bafaltes affords the mod beautiful glafs. 
When it is contaminated with foreign principles, fuch as 
the nodules of lime, the glafs is brittle, and has not a fuf- 
ficient connection of its parts. This cu\ umfhmce, in my 
opinion, was the caufe of the bad quality of the glafs, 
which produced the failure in Mr, Caflelveil's manufactory. 

4. I have feen very hard bafaltes interfperfed with black 
infuiible points, mfomuch that thefe points became enve- 
loped in the vitreous pafte without any perceptible altera- 
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tion. The volcanic mountain of Efcandorguc near Lcdeve 
afforded me this variety of bafaltes. 

In the article Verrerie of the Encyclopedic Methodiqur, 
may be feen the various refults which we have obtained 
with Mr. Allut, in feveral experiments made in common 
in the royal glafs works of Bofquet and elfewhere. 

I {hall conclude, from the obfervation which my expo, 
riments have hitherto afforded — 

1 . That lava may be ufed as a flux in glafs-houfes to 
diminifh the confumption of foda. This is the fingle pur- 
pofe I at that time propofed to myfelf, and I have clearly 
accomplished it. 1. By the refults of experiments which 
have fhewn that refractory fond becomes fufed in the glafs 
furnace by a mixture of lava. 2. By the effects obtained 
in all the works in the large way, in which the addition 
of lava permitted a diminution in the proportion of foda. 

2. It is very difficult to eftablifh a rigorous procek, 
applicable to all circumflances, by which lava may be 
wrought without addition. My bottles into which the 
lava entered as a component part, were fcarcely known, 
before it was publiilied that they were formed of lava 
without addition; nothing more being faid to be required 
than to fufe the lava in order to form bottles. This flrange 
report affected me very little in the principle; becaufe I 
had neither fpoken, written nor printed any thing which 
was capable of giving authority to fuch an error: and I 
was content to reply to all perfons who demanded infor- . 
mation, by informing them that experience had taught me 
that an addition of lava diminifhed the proportion of foda 
in the compofition of glafs, and that this new principle 
rendered the bottles lighter and ftronger. 

3. That the only advantage which can be derived from 
fufmg lava without addition, is to pour it out into moulds, 
to form paving (tones, chimney jams, &c. The facility 
with which it is fufed by the affiflance of pit-coal, would 
render thefe works of fmall e^pence; and it might tafdy be 
decorated by incrufcing it with metallic colours, 

4. That the difference in the nature oi volcanic produtfs 
produces fuch a variety in the refults of their fufioo, that 
I confider it as impoflible to afiign a conftant and inv 
ble procefs, by which the fame refult may infallibly be 
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obtained. This circumftance renders it neceffary to make 
preliminary trials in all cafes wherein it is intended to ufe 
bafaltes in the fabrication of bottles. 

The bafaltes has been confidered as fimilar to a ftone 
known by the name of Trapp: it refembles it in feveral 
effential properties; the colour, form, weight, and the 
nature of the component parts of each, appear to authorize 
us in confounding them together, as Bergmann has proved 
by the fine comparifon he has made of thefe two Hones, ia 
his analyfis of the volcanic products of Iceland. But this 
fame chemift has fhewn that they differ in feveral other 
points of view. 

The trapp exhibits no character which can give ground 
to fufpeft that its origin is volcanic; it is found in Sweden, 
in the primitive mountains, and upon ftrata of granite and 
fchiftus,and fometimes even upon banks of calcareous fcone. 

The trapp of the mountains of Weftrogothland is ufuaily 
in the form of fquare irregular cubes; and it is indebted 
for its denomination to this refemblance to the ileps of a 
flair cafe. It likewife exhibits the form of a triangular 
prifm, though feldom; and fometimes it refembles immenfe 
columns. 

The trapp afforded Bergmann the fame principles, and 
nearly in the fame proportion, as the bafaltes. The differ- 
ence is fcarcely the hundreth part ; and this variation is 
frequently found in pieces of the fame bafaltes. 



SPECIES VI. 
Silex, Lame, Ivlagneha, Iron, Copper, and the Fluoric Acid. 

This combination forms the chryfoprafe. Its colour is a 
femi-tranfparent apple green, and it is harder than the 
fufible fpars and quartz of the fame colour. 

The fife deprives it of its green colour, renders it white 
and opake, and forms by the afliftancc of vital air a com- 
pact and milky globule, — See Erhrnann. 

Mr. Achard obtained, in the quintal of this (lone, 95 
parts filex, 1.7 lime, 1 = 2 Fftagnefia, 0,6 copper. 

P D 
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SPECIES VII. 
a, the blue Fluate of Lime, with the Sulphate of Lime and Iron.' 

This lingular combination forms the Lapis Lazuli, or 
Azure Stone. 

Its colour is of a beautiful opake blue, which it preferves 
in aftrongheat, and does not fuffer any alteration in this' 
refpect by the contact of air. 

The powder of this (tone makes a flight efFervefcence 
with acids; but after calcination it forms a jelly with acids, 
without exhibiiing any previous efFervefcence. 

The powder of this done forms the valuable colour 
known by the name of Ultramarine. The price of this 
colour is proportioned to its intenfity; and its value is 
accordingly lead when it is mixed with pyrites, becaufe 
thefe bodies diminifh the vivacity of its colour. 

This Hone affords water by calcination, and when dif- 
ftilled with the muriate of ammoniac, it forms martial 
flowers; which proves, according to Mr. Sage, that its 
colour is owing to iron. 

The azure Hone is fufed by a flrong heat into a whitilh 
glafs; and by the afliftance of oxigene it forms a white ' 
tranfparent globule inclining to green, without internal 
bubbles, and not obedient to the magnet. 

The . fpecific gravity of the lapis lazuli of Siberia is 
29,454.— See Briffon. 

..Plates of the lapis lazuli may be feen upon almoft all 
richly decorated altars; it is likewife made into toys. 

-Margraff obtained from this ilone calcareous earth, gyp- . 
fum, iron, and filex. Mr. Rinmann has difcovered that" 



it contains the fluoric acid. 

SPECIES VIII. 



- 

; ex, Alumine, Barytes, and Magnefia. 

•This (lone is known by the names of Feld Spar, Rhom* 
boidal Quartz, Spathum fcintillans, Petuntze. 

.It very frequently forms one of the principles of gra- 
nite, and the cryftals, which are found feparate, arife from ' 
the decomposition of this primitive rock. 

The texture of feld fpar is clofe, lamellated, and it 
lefs hard than quartz. 
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It fufes without addition into a whitifh glafs. I have 
neverthelefs obferved a very great variety in the feld fpars, 
with regard to their habitude in the fire. That of Avenne, 
which is in the form of whitiih cryftals mixed with quartz,- 
afforded me a tranfparent glafs of extreme havdnefs by the 
Ample addition cf one-third of lime: whereas that of 
Elperon, treated in the fame manner, did not exhibit the 
fmalleft fign of fufion. 

The fpeciflc gravity of white feld fpar is 25,946. — See 
BrifTon. 

Feld fpar exhibits feveral varieties in its form and colour. 
Mod of the pieces of feld fpar inclofed in granite have 
a rhomboidal form ; and when this primitive rock becomes 
decompofed, the cryftals of feld fpar are detached, and 
remain confounded with the rubbim. The granites of 
our province, almofl all of them, contain thefe cryllals. 
fome of which are an inch and a half in diameter. 

Feld fpar has been found crylfallized in teirahedral 
prifms, terminating in pyramids with four fides. 

I poflefs fome fpecimens of feld fpar of Auvergne v whofe 
tetrahedral prifms are flattened and terminated by a cai 
dral fummit. 

The principal fnades of colour in feld fpar are white 3 
rofe-colour, and chatoyant, or of changeable colours. 

The white tranfparent feld fpar is very rare ; there k § ' 
piece in the Royal Cabinet of the mineral School, which 
comes from Mount St. Gothar. 

One hundred parts of white feld fpar contain about 
fixty-feven filex, fourteen alumine, eleven barytes, and 
eight magnefia. 

The rofe-coloured feld fpar is not very fcarce. Our 
mountains exhibit much of it. It abounds with iron, which 
is in the ftate .of ochre. Some experiments have (hewn 
me that this variety is mere fufible than the others. ' My 
analyfes have even exhibited a larger portion of magriena - ? 
and iu confidence appears to me to be iefs firp» than that 
of other fpecimens. 

Feld fpar is compofed of rhomboidal laminae, which V. . 
it the property of exhibiting various colours, in a greater 
Ids degree. Large pieces of feld fpar have been found on 
the northern coaft of Labrador, worn down by the wat< 
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into a round form, of a blueifh grey colour, and exhibiting 
the mod agreeable change of colours, according to the 
variation of pofition. The colours are a beautiful celeftial 
blue, fhaded with green. This fvone is known by the 
name of Labrador Stone. Granites are frequently found 
in which the feld fpar exhibits its changeable colours with- 
out being wrought. 

CLASS III. 

Concerning the Mixtures of Stones among each other. Stony 
Mixtures. Rocks. 

The mixture of the primitive earths with each other 
form the flones we have hitherto treated of; and thefe 
Hones, united and connected together, or as it were joined 
by a cement, conflitute the numerous clafs of pebbles or 
Hones, concerning which we (hall proceed to treat. It is 
evidently feen that the mixture of various (tones has been 
produced, either by revolutions which have reverfed and 
confounded the whole furface of countries, or by the aclion 
of waters, which have fucceilively formed the flrata of 
: rounded flints fpread over the furface of the globe, and 
have afterwards depofited in their interfiles that earthy 
matter which has connected them together. Thefe mix- 
tures have afterwards acquired a degree of hardnefs ; and- 
at length appeared to form one fingle fubflance. 

We mall eflahlifh our genera upon the prefence of fuch 
Hones as predominate ; and the fpecies will be deduced 
• from the variety of Hones mixed with that which deter- 
mines the genus. 

GENUS I. 

Rocks formed by the mixture of Calcareous Stones with other 
Species. 

Though the bafis of calcareous flones enters into the 
compofition of the greater part of litholog'c fubflances, 
we find few rocks which can be ranged in. this clafs. 

SPECIES I. 
Carbonate of Lime, and Sulphate of Barytes. 

Mr. Kirwan obferved compound flones in Derbyfhire, 
formed of chalk intermixed with nodules of ponderous fpar, 
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SPECIES II. 



; flora 

Carbonate of Lime and Mica. 

The green marble or Cipolin of Autun is of this kind. 
It is compofed of eighty-three parts carbonate of lime, 
twelve green mica, and one iron. — journal de Phyfique, 
t. xii. page $5. Calcareous (tones are found in Italy, 
which exhibit brilliant fpecks of mica, and are known by 
the name of Mafigno. 

SPECIES III. 
Mixtures of Calcareous and Magnefun Stones. 

Sulphate of lime, filiate of lime, and carbonate of lime 
arc found mixed with deatites, ferpentine, talc, amianthus, 
and afoedos. Such is, for example, the white marble 
interfperfed with fpots of ft-eatites, and defcribed by 
Crondadt. 

SPECIES TV. 

Calcareous Stones, and Fragments of Quartz. 
Quartz is fometimes found in calcareous cement. Sweden 
and Siberia exhibit feveral marbles which give fire with 
the fteel. The calcareous grit, fo common in the fouthern 
part of our kingdom, is of this fpecies. The fand is com- 
pofed of fragments of quartzofe flints, rounded and con- 
nected by a calcareous gluten or cement. By digeftion of 
grit-done in an acid, the calcareous cement becomes. dif- 
iolved, and the proportion which the fand bears to the 
whole may then be eafily determined. 

This grit-done is feldom hard enough to be ufed in 1 
building, or in paving. 

At Nemours, and at Fontainbleau, this (lone has been 
found cryft allized in perfect rhomboides : the cabinets of. 
naturalifts are enriched with fuperb famples of this kind. 

Lime-done has likewife been found ferving as a cement 
for feld fpar, fchorl, &c. ; but this is fomewbat rare- 
Mr. De Sauflure has defcribed a done whofe elements 
are quartz and fpar. 

Our fliores afford pebbles of hard marble of a light-grey 
colour, interfperfed with feld fpar and quartz'.— See 
Dorthes, 
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GENUS II. 

Compound Stones formed by the Mixture of Barytic Stones with 
other Stones. 

As ponderous fpar is of confiderable fcarcity, and is 
almoft always found alone, this genus will not be numerous. 

species I. 
Ponderous Spar mixed with a fmall quantity of Calcareous Spar. 

The diocefes of Alais and of Uzes afforded me this 
fpecies ; and I have myfelf obferved in the latter rhom- 
boids of calcareous fpar, fo well mixed with the laminae of 
ponderous fpar, that it is impoffible to feparate them with- 
out deftxoying the ftone. It was among the veins of pon- 
derous fpar which are found on the road from Portes to 
Alais, that I faw this mixture. 

species II. 
Ponderous Spar and Serpentine. 

Mr. Kirwan defcribes a fpecies of Terpentine with fpols ; 
of barytes. 

species in. 

Ponderous Spar and Fluor Spar. 

The ponderous fpar of Auvergne is mixed with fiuor 
fpar: X have many fpecimens of this. 

species IV. 
Ponderous Spar and Indurated Clay. 

This is the Kros-ftein of the Germans. The clay which 
forms the ground is grey, and includes a ponderous fpar 
of a white colour, which is difpo fed in this clay in the 
form of veins, that might be taken at firft fight for \eniii- 
culites, or,- in general, for the remains of feme organized 
fubflances. This ftone is found at Bochnia in Poland. 

species v. 

Ponderous Spar and Quartz. 

I have in my coll e& ion feveral fpecimens, in which the 
ponderous fpar is difpofed in liars upon a matrix of the 
nature of filex. 
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SPECIES VI. 



Ponderous Spar and Lava. 

The extinct volcanos of the diocefe of Beziers have 
afforded me lavas, partly decompofed, whofe furface 
exhibits radii of. ponderous Xpar, which, at firft fight, I 
took to be zeolite. 



GENUS III. 



Rocks or Stones formed by the Mixture of Magnefian Stones with 
other Kinds. 

S P E C I E S I. 

Magnefian Stones mixed together. ' 

The fame rock often exhibits the various known mag- - 

nefian (tones in contact with each other. Thus we fee the 

albedos placed befide the amianthus, the ferpentine in 

contact with the afbeftos, the fleatites in contact with talc. 

species II. 

Magnefian Stones and Calcareous Stones. 

The ferpentine has been found fpotted with calcareous 
fpar, and gypfum. 

SPECIES III. 
Magnefian Stones and Aluminous Stones. 
Steatites is frequently mixed with clay. Its fibres are 
found bedded in an argillaceous fubftance. Steatites^ and _-. 
ferpentine are fometimes mixed with fchifbcs. 

SPECIES IV. 
Magnefian Stones and Siliceous Stones. 

Serpentine is found mixed with veins of quartz, feld fparj 
fchorl, &c. f ': 

Afbeftos and amianthus are often confounded, and fome- : 
times incorporated in quartz and rock-cryftal. 

Mr. De Sauflure has defcribed a compound (lone, of 
which the quartz is white, and the fteatites green. 

At Sterzing in Tyrol, is found a rock formed by fchorl 
and ferpentine. 

In the county of Mansfield in Saxony, a rock has been, 
difcovered, compofed of jafper and albedos. 

G E N U S IV, 

Rocks or Stones formed by the Mixture of Aluminous Stones with, 
other Specie. 
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SPECIES I. 

Schiftus and Mica. 

This mixture forms feveral primitive mountains. The 
mica is fometimes in plates of a certain thicknefs, but mod 
commonly in fmall fragments ; and the (lone affurnes a 
brilliant argentine appearance, which renders thefe ftones 
agreeable to the fight. In this lad cafe, the ftone is nearly 
white, fonorous, and fplits into leaves ; whereas it i$ 
blackifh, and lefs hard, when the mica is difperfed through 
it in large grains. 

Thefe kinds of micaceous fchifli do not become fp 
neoufly decompofed. They differ effentially f 
pyritous fchiftus, whofe formation appears to be pofterios 
to that of the prefent fpecies. 

This micaceous fchiftus is a primitive Hone. It does 
not in:lude minerals, or at lead very rarely ; and it is not 
fpontaneouily decompofed. 

SPECIES II. 
Schiftus and Garnet. 

The fchiftus frequently contains garnets, which rife in 
protuberances in its texture, and feparate its ftrata from 
each other. The garnet is cryftallized, and one would be 
difpofed to affirm that this ftone had increafed, and almoft 
vegetated, in the other, which ferves as its covering. It 
is probable that the garnet has been enveloped by this parte 
of fchiftus ; or that it was formed while the ftone was Mill 
almoft in the fluid ftate. 

I found this fchiftus filled with garnets in the bed of the 
river Bramabiou, in the diocefe of Alais. 

SPECIES III. 
Schiftus, Mica, and Q_uartz mixed in fmall fragments. 

The Germans call this compound ftone by the name of 
Gneifs. It deferves to be included- among the quartzofe 
and filiceous Hones; but as it nearly approaches the pri- 
mitive fchifti we have juft treated of, we fnall follow the 
natural method in clafnng it here. 

The texture of this ftone varies greatly. It fometimes 
forms a rock in which neither ground nor fibres can be dii- 
tinguifhedj in other fpecimens it agpearsto be divided into 
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filaments twifted in a thoufand manners, and it frequently 
exhibits a lamellated hard texture. 

It is found in large maffes of a greyifh green colour, 
with its furface lhining, and polHhed like the Hate; and it 
appears to be merely a fine-grained granite, themimucnefs 
of whofe parti has fullered them to take the foliated form 
of the fchiilus. 

' Mr. Weigleb has analyied that of Friburg. 

SPECIES IV. 
Schiftus and Schorl. 

The mixture of thcfe two flones is common enough. 
The fchorl is fometimes difperfed in very minute filaments, . 
which give a blackiih tinge to the mafs. Its form is often 
prifmatic ; in which, cafe the fibres of the fchiftus, and the 
long cryftals of the fchorl, form the prifm by their reunion. 

A fchiftus has been found in the Pyrenean mountains, in 
which the fchorl is fpread from fpace to fpace in the form 
of oblong bodies, and equally difperfed over the whole mafs. 

species v. 

Clay and Quartz. 

This conftitutes the argillaceous grit-ifone, or the (lone 
in which fragments of quartz are united together by an 
argillaceous gluten. 

Several varieties of girt-ftone may be diflinguimed. 
It is often found in irregular, coarfe, and compact maifes, 
which are made into mul-ftdnes, or ufed for paving, &c. 

The magnitude of the fragments of quartz renders the 
furface more or Iefs rugged ; and it is this which renders it 
proper for certain operations of trituration. 

When its grain is finer, it is made into grind-ftones. 
It is by. virtue of their quartzous principles that grind- 
ftones emit fuch numerous fparks, when (truck with the 
fleel, or when they are moved with rapidity againll any 
tool of that metal. 

Argillaceous grit-done is fometimes of a fcaly texture : 
the Cos Turcica of Wallerius, and the done ufed 
fharpcning fchythes, are of this kind. 

Fine grit-flone, coinpofed of impalpable particles, k 
ku^vu by the name of Tripoli, from the part of Africa 
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whence it firft came. It is now found in Rouergue, in 
Britanny, Germany, and elfewhere. 

The porous grit-itone called Filtering-done, on account 
of its ufe, is of the fame nature. 

Quartz is fometimes mixed with mica. Our province 
contains it in various places. 

The mica is likewife found mixed, 

1. With feld fpar, according toFerber andKirwan. 

2. With fchorl, at Mont hykie in Dalecarlia in Sweden, 
and at Sterzing in Tyrol. 

3. With garnets, atPaternion in Carinthia, and at the 
Carpathian mountains in Hungary. 

4. With garnet and fchorl, at Greyner. — See Muller. 

5. With quartz, feld fpar, and fchorl. This compo- 
iition forms one of the moil common granites. 

The mixture of thefe Hones, varied in the proportion 
of their principles or elements, forms the numerous variety 
of granites ; and feveral colours likewife modify thtm 
exceedingly. 

genus v. 

Compound Stones formed by the Mixture and Re-union of Quartzofe 
Stones with each other. 

SPECIES I. 
Quartz and Schorl. 

The quartz is, in general, white in this flone, and the 
fchorl of various colours. Some of the paving-Hones of 
London are of this fort, according to Kirwan. The fchorl 
is likewife found in cryftals within the quartz. 

SPECIES 11. 

Quartz and Feld Spar. 

A flone of this nature was brought me from the 
neighbourhood of Avenes. The mountain from which 
the fpecimen was detached, contains about one-third of 
quartz. The red: of the rock confifls of rhomboidal feld 
fpar, of no great firnanefs of texture, and conflantiy 
exhibiting the rhombus in its fracture. 

I pollers a very fine fpecimen of a fimilar rock, which 
Was lent me from Fahlun in Dalecarlia. 
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SPECIES III. 
Girt-ftone and Garnet. 
I have received from the mines of Tallard, near Gap in 
Dauphiny, girt-ftones with garnets of one or two lines in 
diameter interfperfed. Thefe garnets are difperfed through 
the whole mafs, at the diflance of three or four lines from 
each other. 

SPECIES IV. 
Quartz, Feld Spar, and Schorl. 

This mixture is common, and forms great part of the 
granites on our globe. 

The proportion of the elements of this rock vary greatly, 
but the forms of the (tones which compofe it are not lefs 
variable. The fchorl is frequently cryitallized in prifms ; 
the feld fpar aJmofl always exhibits rhomboidal laminse, 
on breaking the (tone ; the quartz very feldom exhibits 
determinate figures, but it has neverthelefs been found in 
fuperb cryftals at Alen9on and elfewhere. 

The colour of thefe (tones, likewife, exhibits an infinity 
of (hades. The fchori is ufually black ; but it is fometimes 
found green, and even white, as in fome granites brought 
from Spain. The feld fpar is commonly of an afhen grey; 
but it has been obferved of a flefh-colour, of a milk-white, 
of a dull red, &c. The mod common appearance of the 
quartz is, that of a fat and vitreous fubftance. It is fome- 
times black. 

species v. 
Fragments of Quartz united by a Siliceous Cement. 

We may here clals the quartzofe plum-pudding (tones. 
The cement which unites thefe pebbles of quartz, which 
are commonly rounded, is the pafle of petro-filex. Some 
of thefe pudding-Hones are fo compact, and their fradlure 
is fo uniform, that they are capable of the raoft beautiful 
polifh, and produce a very happy effect by the variety of 
colour of the feveral flints connected by the fame gluten. 

species VI. 
Jafper and Feld Spar. 

This rock is known by the name of Porphyry. The 
jafper compofes the ground, and the feld fpar is interfperfed 
in fmall needles, or in flat parallelopipedons. 



2 -3 Earthy Mixtures. Stones. 

The colour of porphyry varies prodigioufly. The fcld 
fpar, which enters into' its compofition, is either white, or 
yellowiih, or red; but the name of the porphyry is always 
dependent on the colour of the jafper. The jafper is fome, 
times green and fometimes black, and in fotne inltances 
red; which eftabliihes a great number of varieties. 

As this ftone is fufceptible of the moft beautiful polifli, 
it has been employed as an ornament ; and our temples, as 
well as private hpufes, are decorated with it. 

Mr. Ferber found in Tryol porphyry in prifmatic 
columns, refembling that of bafaltes ; a circumftance which 
affords a further degree of probability to the opinion of fuch 
as have confidered porphyry to be a volcanic production, 
Porphyry is found in Egypt, in Italy, in Germany, in 
Sweden, in France, &c. Mr. Dorthes has brought, from 
various mountains in Auvergne, fpecimens of porphyric 
bafaltes in tables and in maffes, containing cryftals of feld 
fpar, well formed, and little altered. 

lie obfcrved that the rocks of Chevenon, an ancient 
convent of Gramontin, at the diftance of one league from 
Artonne in Auvergne, were very beautiful porphyry. Mr. 
Guettard found it likewife in the foreft of Eiierelle in 
Provence. 

Mr. Dorthes has defcribed more than twenty varieties 
of porphyry thrown up in pebbles by the Mediterranean 
upon our coafts, whither they are brought by the Rhone. 
In many of.thcfe are found tranfparent quartz with the prii- 
rcatic form, and cryftallized feld fpar. 

Porphyry fifes into a black globule, marked with white 
points. 

The fpeciftc gravity of red porphyry is 27,651, and that 
of ^reen 26,760, — Brifibn. 

Porphyry fometimes contains fchorl. Wallerius has 
defcribed it " Porphir rubens, cum fpatho fcintiliante albo, 
ct bafalto nigro." 



SPECIES VII. 



Jafper and Garnet. 

This ftone has been difcovered in Iceland: the ground is 
a green jafper, which includes ferruginous garnets cryllat- 
lize r ', and of a red colon-. 
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SPECIES VIII. 
Jafper and Calcedony. 

The Mountain of Giants, in Bohemia, affords this (tone. 
It has likewife been found in the Carpathian mountains, 
near Kafkau in Hungary. A ftone has likewife been 
obferved at Oberftein, in the Palatinate, compofed of agate 
and jafper. 

SPECIES TX. 
Jafper and Quartz. 

This compound (tone, called Saxum Sibericum by Lin- 
naeus, has been found in Siberia, and alfo near Stutgard in 
the Duchy of Wirtemburg. 

species x. 

Jafper, Quartz, and Feld Spar. 

This (lone is found in the environs of Geneva. Its. 
ground is a jafper, or rather a petro-filex, black, opake, 
and very harcl. This matrix is interfperfed with fmall 
rectangular cryftals of white feld fpar, and rounded grains 
of trail fparent quartz. Mr. De Sauflure, who has defcribed 
this fpecies, places it among the porphyries. 

SPECIES XI. 
Schorl, Garnet, and Tourmaline. 

Mr. Muller has difcovered in Schneeburg, a mountain 
of the territory of Sterzing in Tyrol, a rock of this kind, 
containing large cryflals of tourmaline, which include fmall 
cryflallized garnets, tranfparent, and of a red colour. 

Mr. Ferber affirms that he found between Faiftritz and 
Carncwitz in Stiria, detached pieces of green fchorl, which 
inclofe large red garnets : he adds, that this fchorl is 
fometimes fcaly, and of a micaceous texture, 

Mr. De SaufTure has found in the environs of Geneva, 
itones worn round by water, which were compofed of 
fchorl in the mafs, and garnet. 

The Mediterranean Sea throws up on our coaft many 
varieties of rounded pebbles of porphyry, which have 
fchprj for their balls. 
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GENUS VI. 

Super-compound Stones, or fuch as refnlt from the Mixture and 
Re-union of feveral different Genera. 

SPECIES I. 
Petrofilex, Alumine, and Calcareous Spar. 

This flone is found at Schnecburg in Saxony. 

SPECIES II. 
Clay, Steatites, and Calcareous Spar. 

This fpecies, as well as the two following, are comprifeq 
under the name of Saxa Glandulofa. The fleatites, the 
fpar, and the other fubftances are difperfed in the matter 
which forms the ground of this rock. 

SPECIES III. 
Clay, Zeolite, Schorl, and Calcareous Spar. 

SPECIES IV. 
Clay, Serpentine, and Calcareous Spar. 

SPECIES V. 
Serpentine, Mica, and Calcareous- Spar. 

Mr. Ferber has defcribed this laft fpecies under the 
name of Poize vera ; a denomination fuggefted to him by 
the place where it is found. See his Letters on Italy. 

SPECIES VI. 

Serpentine, Schorl, and Calcareous Stone. 

This (lone furrounds the veins of the mine of St. Simon 
and jude, at Dognafla, in the Bannat of Temefward : it 
is likewife found in copper mines of Safka ; and at Hofer- 
fchlag, near Schemniz, in Lower Hungary. 

SPECIES VII. 
Steatites, Mica, and Garnets. 

This flone is found at Handol in Jempterland, towards 
the north of Sweden. — Born. Ind. Foff. par. ii. 

SPECIES VIII. 

Steatites, Mica, and Schorl. 

This flone was found at Salbnry in Weflmanland, a 
province of Sweden. — Born. Ind. FoiT. par. ii. 
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species IX. 
Garnets, Quartz, Mica, and Serpentine. 
This contains a fmall quantity of pyrites. It is found 
at Pufterthal in Tyrol.— See Bruckman. 

SPECIES X. 

Feld Spar, Quartz, Mica, Steatites. 

Several granites are formed by a mixture of this nature. 

Such are found at Sunnefkog in Sweden, and at Guten 

Hcffnangfban near Altwofchitz in Bohemia: it is the 

granites Jleatite mixtus of Born. 

SPECIES XI. 
Quarts, Mica, and Clay. 

This rock is the matrix of the ore of tin at Platte, and 
at Gottefgab in Bohemia. 

SPECIES XII. 
Quartz, Clay, and Steatites. 

This is found at Mount St. Godard in Switzerland. 

Concerning the Diamond. 

The Diamond forms an appendix to the hiftory of (tones. 
Its combuftibility is a character which prevents its being 
aflimilated to any known fpecies. 

The diamond was long confidered as the hardefl: and 
mod ponderous of ftones, as well as the only one which 
did not caufe a double refraction ; but fubfequent obferva- 
tions have deftroyed thefe early notions. The adamantine 
fpar appears to equal it in hardnefs ; the oriental ruby, 
and the jargon of Ceylon, are more ponderous ; and the 
oriental precious ftones exhibit one refraction only, as 
does likewife the phofphoric fpar. 

This precious (tone is found on the coaft of Coromandel, 
and principal!'/ in the kingdoms of Golconcla and Vifapour. 
The earth which ferves as its gangue is red, ochreous, 
and foils the ringers. 

The general procefs of exploring the diamond mines or 
earths, confifts in mixing the earth with water, after which 
the fluid is poured off, and the fand whtefc remains at the 
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bottom is dried by the ftrong heat of the fun. — See the 
Memoirs of the Comte Marechal. 

Other naturalifts inform us that, when the earths have 
been wafhed, the refidne is left to dry, and is fifted in 
balkets made for the purpofe. The workmen afterwards 
feek for the diamonds with their hands. 

Diamonds in their native flate are covered with two 
crafts; the one earthy,- and the other fparry. — Rome de 
Lifle. 

When lapidaries undertake to work them, they are 
obliged to find the grain of the ftone, in order to fplit or 
cleave the diamond. If the fracture be not uniform, they 
call the flone a diamond of nature. The hardnefs of the 
diamond is fuch, that it refills the mod: highly polifhed 
fteel ; which circumflance renders it neceffary to attack it 
by diamond powder. 

The manner or form in which diamonds are cut, diftin- 
guifhes them into rofe diamonds, and brilliants, or brilliant 
diamonds. The brilliant diamond is cut into facets on 
both fides. The variety of forms given to thefe facets, and 
their different inclinations with refpeft to each other, 
multiply the refractions, and contribute to afford thofe 
reflections, and flreams of pure and vivid light, which 
characterize the diamond. 

The diamond is divided into two kinds j the oriental 
diamond, and the Brazilian diamond. 

The oriental diamond cryftallizes in octahedrons, and 
exhibits all the varieties of this primitive form. 

The Brazilian diamond cryftallizes. in dodecahedrons. 
It is neither fo hard, fo heavy, fo perfect, nor fo valuable, 
as the oriental diamond. 

The colourlefs diamond has a fpecific gravity which is 
in proportion to that of water as 35,212 to 10,000. Mr. 
Briffon has derived this fpecific gravity from an experiment 
on the Pitt diamond of the French crown. A cubic foot 
of this diamond would weigh two hundred and forty- fix 
livres, feven ounces, five gros, iixty-nine grains. 

The diamond is fometimes coloured. green, violet, i 
&c. The green are the mod ellcemed, becauie they are 
the mofl fcarce. The weight of coloured diamond 
more confiderable than that of the white diamond j becauie 
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it is augmented by the weight of the colouring principle, 
which is of a metallic nature. 

The brilliancy, hardnefs, and Scarcity of the diamond 
have preserved it in the moil extravagant degree of eftima- 
tion. A diamond is faid to be of a fine water when it pre- 
fects no defect or fpot; and the price is proportioned to 
its purity. 

When a diamond is without fault, its value is eftimated 
according to its weight; which is determined or divided 
into carats, each carat being equivalent to about four grains. 

The mod beautiful diamonds hitherto known are— 1. 
The two in the crown of the king of France; one of which 
is t)ie Grand Sancy, weighing one hundred and fix carats; 
and the other the Pitt, which weighs feven gros, twenty- 
five grains and one fixteenth. It is fourteen lines long* 
thirteen and a half broad, and nine and one-third thick. 
2. The diamond which at prefent belongs to. the Czarina 
weighs feven hundred and feventy-nine carats. The 
Emprefs purchafed it in 1772 for twelve tons of gold 
(100,000 florins), and granted a penfion of four thoufand 
roubles to the feller. It is pretended that this fine dia- 
mond was one of thofe which ornamented the eyes of the 
famous flattie Scheringham, which has eight eyes and four 
heads ; and that it was carried off by a French deferter who 
had procured himfelf to be appointed as a guard to the 
temple of Brama. This diamond was at firfl fold for fifty 
thouiand livres, afterwards for about four hundred thou- 
fand livres, and was at length purchafed by the Emprefs 
of Ruflia. 

Ok 

The combuftibility of the diamond is a phenomenon 
funr;ient!y intereflingto induce us to give a faithful extract 
of the principal experiments which have ferved to advance 
our knowledge upon this fubjech 

Boyle obferved, Jong fince, that the diamond, expofed 
to a violent fire, emitted acrid vapours. 

The emperor Francis the Firft caufed crucibles to b? 

fed to a reverberatory fire for twenty-four hours, into 

value of fix thoufand in diamonds 

and rubies were put, ' The diamonds difappcared, but the 

• I Thefe experts _ . ,tei 
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with great expence ; and it was afccrtaincd that the 
diamond loft its polifh, fcaled off, and was diffipated. 

The Great Duke of Tufcany, in 1694, eaufed experi- 
ments to be made by Mr. Averoni and Targioni, by the 
mirror of Tfchirnaufen, and it was found that the diamonds 
difappeared in a few minutes. 

In 1772, thefe experiments were'refumed by the fkilfol 
chemiils of Paris — Darcet, the Comte de Laraguais 
Cadet, Lavcifier, Mitouard, Macquer, &c. The details 
of the interefting experiments made on this fubjeft may be 
feen in the volumes of the Academy of Sciences, and the 
journaux de Phyfique, of that year. We mall fimply 
relate the remits. 

1. Meffrs. Darcet and the Comte de Laraguais proved 
that the diamond is volatilized in balls of porcelain. 

2. Mr. Macquer took notice that the diamond dilated 
and fwelled up; and that a blue flame was obfervable on 
its furface during the combuftion. 

3. Meffrs. Lavoifier and Cadet proved, that the combuf- 
tion of diamonds in clofed veffels ceafed as foon as the oxi- 
gene was deftroyed; and that the diamond did not burn 
but in proportion to the oxigene prefent, like all other 
combuftible fubflances. The jewellers, who expofe their 
diamonds to very violent fires to render them colourlefs, 
are careful to wrap them up in fuch a manner as to fettire 
them from the contacl of air. 

Mr. De SamTure burned a diamond by the blow-pipe: 
Mr. Lavoifier has proved that, when it is expofed to the 
burning glafs, a duft arifes which precipitates lime-water. 

The diamond is therefore a combuftible fubftnnce, which 
burns in the fame manner as other bodies. This drift and 
accurate confequence is deduced from all the experiments 
which can be imagined to acquire a perfect dcuionftration. 

Within a few years chemifls have dileovercJ a very 
lingular (lone, to which the name of Adamantine Spar has 
been given by Bergmann. 

It is black, and fo hard that its powder may be ufed to 
cut the diamond j from which circuruftance it has obtained 
its name. 
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It cryftallizes in hcxahedral or fix-fidcd prifms, two of 
which are large, and four imall. 

Its fpeciiic gravity is 33,732 with refpect to water, 
which is affumed at 10,000. See BrifTon.— -The cubic 
foot weighs two hundred and feventy-one livres, one ounce, 
feven gros, fixty-three grains. 

The molt violent fire" produces only a flight foftening of 
this fpar, according to the experiments of Mr. Lavoifier. 

The analyfis made by Mr. Klaproth of this ftone, has 
exhibited a peculiar earth, which is fufpected to be like- 
; wife one of, the principles of precious flones, &c, 



GENERAL VIEWS 



RESPECTIN G 



The Deccmpofitions and Changes to which the Stony Part of 
our Globe has been fubjecled. 



A F it were permitted to man to follow, during 
feveral a^es, the various changes which are produced pi 
the furface of our globe by the numerous agents that after 
it, we mould at this time have been in pofTeffion of the moil 
valuable information refpecling thefe great phenomena : 
! .but thrown, as we are, almofl by accident, upon a final 1 
point of this vaft theatre of obfervation, we nx our atten- 
tion for a moment upon operations which have employed 
the works of nature for ages ; and we are unable either 
to perceive or to foretel the refults, becaufe feveral ages 
are fcarcely fnrficient to render the effects or changes per- 
ceptible. Nature never ceafes to exifl : her activity has 
been coeval with the existence of matter , her operations 
are not circumfcribed within limited times ; (he difpofes of 
whole ages in the arrangement of her combinations ; while 
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man can command no more than a few inflants, and him. 
Self difappears at the moment wherein he has proceeded fa 
far as to connect a few facts together. Hence, no doubt, 
it arifes, that nature is incomprehensible in fome of her ope- 
rations, and inimitable in all thofe which require a long 
feries of time. 

It mult be allowed that thofe men who, by the mere 
efforts of their imagination, have endeavoured to form ideas 
refpe£ting the coiiftruction, and the great phenomena of 
this globe, have numerous titles to our indulgence. In 
their proceedings we behold the efforts of genius, tormen- 
ted with the defire of acquiring knowledge, and irritated 
at the profpecl of the Scanty means which nature has put in 
its power : and when thefe naturalills, fuch as Mr. De Buf- 
fon, have pofleiled the power of embellishing their hypo- 
thefes with every ornament which imagination and elo- 
quence can furnifh, either as inftruments of illufion or en- 
tertainment, weought to confider ourfelves indebted to them. 

For our part, we ilia.ll confine ourfelves to exhibit a few 
jdeas refpe£Ung the fuccelhve decompositions of our planet, 
and (hall endeavour to avoid every departure from obier- 
vation and matter of fact. 

The flightefl observation iliews us that living beings are 
kept up and perpetuated only by Succemve decompositions 
and combinations. A flight view of the mineral kiagd 
exhibits the Same changes ; and our globe, in all its pro- 
ductions, preSents continual modifications, and a circle of 
activity, which might appear incompatible with the appa- 
rent inertia oS lithologic products. 

In order to arrange our ideas with greater regularity, 
we may confider this globe in two different dates. "\Ve 
will firfl examine the primitive rock which forms the 
nodule or central part. This appears to contain no germ 
of life, includes no remains or part of any living bcing^ 
and from every circumftance appears to have been ot 
primitive formation, anterior to the creation of animated 
or vegetating bodies. We (hail purSue the various changes 
which are daily produced by the declruaive action ©f Such 
agents as alter or modify this fubftance. 
°We mall then proceed to examine what (lories have 
been iucceflively placed upon this, and what age \W 
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decompofitions to which thefe fecondary rocks have been 
fubjeaed. 

i. The obfervations of naturalifts all unite to prove, 
that the central part of the globe confifts of the (lone 
known by the name of Granite. The profound excava- 
tions which the art of man, or currents of water, have 
made in the furface of our planet, have all uncovered this 
rock, and have been incapable of penetrating lower : we 
may therefore confider this fubftance as the nucleus of the 
globe; and upon this fubftance it is that all matters of 
pofterior formation reft - . 

Granite exhibits many varieties in its form, compofiticn, 
and difpofition : but it in general confifts of an affembbge 
of certain filiceous ftones, men as quartz, fchorl, feld fpar, 
mica, &c. ; and the more or lefs confiderable magnitude of 
thefe elements of granite, has caufed it to be divided into 
coarfe-grained granite, and fine-grained granite. 

It appears to me that there is no denying but that thefe 
rocks owe their arrangement to water : and if we may be 
permitted to recur, by an effort of the imagination*, to 
that epocha in which, according to facred and profane 
hiftorians, the water and earth were confounded, and the 
confufed mixture of all principles formed a chaos, we 
mall fee that the laws of gravity inherent in matter muft 
have carried it down, and necefiarily produced the arrange- 
ment which obfervation at prefent exhibits to us. The 
water, as the lead heavy, muft have purified itfelf, and 
arifen to the furface by a filtration through the other riia 
rials: while the earthy principles muft have precipitated, 
and formed a mud, in which all the elements of ftoi.es 
were confounded. In this very natural order of thir 
the general law of affinities, which continually tends to 
bring together all analogous parts, mud have exerted itfelf 
with its whole activity upon the principles of this alrnoft 
fluid paftej and the remit muft have been a number of 

* This is the firft and the feft fuppofition in which I mail ii:d;ilge 
myfeif. It is a conjecture, hoy/ever, which is indifferent with re' 
to the bafis of the fubjed itfelf; fnce it relates only to rm fwjpotbetfis 
refpeciing the manner in which a rock might be formed that at prefent 

exifts, and whofe deconr :;t can forn) the fabjed of cur 

i rations. 
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bodies of a more definite kind, in cryftals more or left 
regular: and from this muddy fubftance, in which the 
principles of the (tones were confounded that compofe the 
granite, a rock mnft have been produced, containing the 
elementary (tones all in pofTeffion of their diftinct forms and 
characters. In this manner it is- that we obferve falts of 
very different kinds develop themfelves in waters which 
hold them in folution; and in this manner it Pull happens 
that cryftals of fpar and gypfum are formed in clays which 
contain their component parts, 

It may eafily be conceived that the laws of gravitation 
muft have influenced the arrangement and difpofition of 
the products. The moft grofs and heavy bodies muft have 
fallen, and the lighted and moft attenuated fubftances mult 
have arranged themfelves on the furface of the foregoing; 
and this it is which conftitutes the primitive fchifti, the 
gneis, the rocks of mica, &c. which commonly repofe 
upon malTes of coarfe-grained granite. 

The difpofition of the fine-grained granite in ftrata or 
beds, appears to me to depend on this pofition, and the 
fmenefs or tenuity of its parts. Being placed in immedi- 
ate contact with water, this fluid muft naturally have influ- 
enced the, arrangement which it prefents to us; and the 
elements of this rock being fubjected to the effect of waves, 
and the action of currents, muft have formed ftrata. 

The rocks of granite being once eftablifhed as the 
nucleus of our globe, we may, from the analyfis of its 
condiment principles, and by attending to the action of the 
various agents capable of altering it, follow the degra- 
dations to which it has been fubjected, ftep by ftep. 

Water. is the principal agent whofe effects we (hall 
examine. 

This fluid, collected in the cavity of the ocean, is carried 
by the winds to the tops of the moft elevated mountains, 
where it is precipitated in rain, and forms torrents, which 
return with various degrees or rapidity iiuo the common 
refervoir. 

This uninterrupted motion and fall muft gradually 
attenuate and wear away the hard eft rocks, and carry their 
pulverulent parts to alliances more or las confiderable. 
The action of the air, and varying ' temperatures of the 
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atmofphcre, facilitate the attenuation and the deftru&ion 
of thefe rocks. Heat dries their furface, and renders it 
more acceflibJe and more penetrable to the water which 
fucceeds ; cold divides them, by freezing the water which 
has entered into their texture ; the air itfelf affords the 
carbonic acid, which attacks the lime-ftone, and caufes it 
to eiflorefce ; the oxigene unites to the iron, and calcines 
it: infomuch that this concurrence of caufes favours the 
difunion of principles ; and confequently the action of 
water, which clears the furface, carries away the produ&s 
of decompoiition, and makes preparation for a fucceeding 
procefs of the fame nature. 

The firft efFeft of the rain is therefore to deprefs the 
mountains. But the ftones which compofe them mull refift 
in proportion to their hardnefs ; and we ought not to be 
furprifed when we obferve peaks which have braved the 
deftru&ive a&ion of time, and ftill remain to atteff. the 
primitive level of the mountains which have difappeared. 
The primitive rocks, alike inacceflible to the injury of ages 
as to the animated beings which cover lefs elevated moun- 
tains with their remains, may be confidered as the fource 
or origin of rivers and ftreams. The water which falls on 
their fummits, flows down in torrents by their lateral fur- 
faces. In its courfe it wears away the foil upon which it 
inceffantly acts. It hollows out a bed, of a depth propor- 
tioned to the rapidity of its courfe, the quantity of its 
waters, and the hardnefs of the rock over which it flows ; 
at the fame time that it carries along with it portions and 
fragments of fuch Hones as it loofens in its courfe. 

Thefe flones, rolled along by the water, muit (hike 
together, and break off their projecting angles: a procefs 
that mud quickly have afforded thofe rounded flints which 
form the pebbles of rivers. Thefe pebbles are found to 
diminiih in fize, in proportion to the diftance from the 
mountain which affords them ; and it is to this caufe that 
Mr. Dorthes has referred the difprppofti ,'tude 

of the pebbles which form our ancient worn (rones, when 
coloured with thofe of modern date : for the fea extending 
itfelf formerly muzh more inland, in the direction of the 
Rhone, the flones which it received from the rivers, and 
threw back again upon theihores, had not run through fo 
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long a foace in their beds as thofe which they at ptefent 
pafs over. Thus it is that the remains of the Alps, carried 
along by the Rhone, have fuccefRvely covered the vaft 
interval comprifed between the mountains of Dauphiny and 
Vivarais; and are carried into our feas, which depolit 
them in fmall pebbles on the fhore. 

The pulverulent remains of mountains, or the powder 
which refults from the rounding of thefe flints, are carried 
along with greater facility than the flints themfeives : they 
float for a long time in the water, whofe tranfparence they 
impair ; and when thefe fame waters are lefs agitated, and 
their courfe becomes flackened, they are depofked in a line 
and light pafte, forming beds more or lefs thick, and of the 
fame nature as that of the rocks to which they owe their 
origin. Thefe flrata gradually become drier by the agglu- 
tination of their principles ; they become confident, acquire 
hardnefs, and form filiceous clays, filex, petrofilex, and 
all the numerous clafs of pebbles which are found dilperfed 
in flrata, or in banks, in the ancient beds of rivers. 

Mr. Pallas has obferved the tranfition of clay to the flate 
of filex in the brook of Sunghir, near Wolodimir. Mr. 
J. W. Baumer has likewife obferved it in Upper HeiTe. 

The mud is much more frequently depoiited in the 
interfaces left between the rounded flints themfeives, which 
intervals it fills, and there forms a true cement that becomes 
hard, and conflitutes the compound flones known by the 
name of pudding-ftones and grit-ftones ; for thefe two 
kinds of ftone do not appear to me to differ but in the 
coarfenefs of the grain which forms them, and the cement 
which connects them together. 

We fometimes obferve the granite fpontaneoufly decom- 
pofed. The texture of the flones which form it has b 
deflroyed ; the principles or component parts are difunited 
and feparated, and they are gradually carried away by the 
waters. I have obferved near Mende, towards CaiUenou- 
vel, the mod beautiful kaolin on the furface of a granite, 
in a flate of decompoilfion ; and this fame rock i 
poied in feveral other parts of our province. It 
to me that the feld fpas was j ) he 

altered the firfi. 
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Mod filiceous (tones, formed by the depofition of 
fluviatile waters, and hardened by the lapfe of time, are 
eafily fubje&ed to a fecond decompofition. Iron is the 
principal agent of thefe fecondary alterations^ and its 
calcination, determined by air or water, produces a dififo 
nion of principles. Nature may be obfcrved in this pro- 
cefs, by an attentive examination of fuch alterations as gun 
flints, variohtes, porphyries, jafpers, and the like are iub- 
je&ed to. 

The decompofition of flints calcedonies, agates, and 
generally all (tones of this kind which pofTefs a certain 
degree of tranfparence, appears to me to be referable to 
the volatilization of the water, which forms one of their 
principles, and is the caufe oi: their tranfparency. 

Thefe itones may be conildered as commencements of 
cryftailization ; and, when the water is diffipated, they 
elilorefce after the manner of certain neutral falts. Hence 
it arifes that the decompofition is announced by opacity, 
a white colour, lofs of confidence and hardnefs ; and 
terminates by forming a very attenuated powder, fome- 
times of extreme whitenefs. It is this decompofition, more 
particularly, which forms clays. 

There are flints whofe alterations form elFervefcent 
marles. Thefe do not appear to me to be of the nature 
of primitive rocks : they have the fame origin as the calca- 
reous {tones, from which they differ only in confequence of 
a very confiderable proportion of clay. The (tones which we 
fo abundantly find of this nature around us, among calca- 
reous decompositions, may be confidered as of this kmd. 

Water filtrating through mountains of primitive rock, 
frequently carries along with it very minutely divided 
particles of quartz ; and proceeds to form, by depofition, 
ftala&ttes, agates, rock cryftal, &c. 

hefe quartzofe ftala&ites differently .coloured, are of 

a formation considerably analogous to that of calcareous 

alabaftcrs ; and we perceive no other difference between 

i than that of their constituent parts. 

II. Thus far we have exhibited, in a few words, the 

principal changes, and various modifications, to which the 

alive rocks have been fubje&ed. We have not yet 

obfcrved either germination or life } and the metals, 

Ss 
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Sulphur, and bitumens, 'have not hitherto prefented ihcm- 
illvcs to our observation. Their formation appears to be 
polterior to the exigence of this primitive globe 5 and 
the alterations and decompositions which now remain to 
be enquired into, appear to be produced by the clafs of 
living or organized beings, 

On the cue haifcd, we behold the numerous clafs of fhel! 
animals, which caufe the lion y mafs of our globe to incteafc 
by their remains. The fpoils of thefe creatures, long 
agitated and driven about by the waves, and more or kk 
altered by collifion, form thofe flrata and banks of fate. 
Hone, in which we very often perceive impreifions of thofe 
fliells to which they owe their origin. 

On the other hand, we obferve a numerous quantity of 
vegetables that grow and periih in the fea ; and Side 
plants likewife, depofited and heaped together by the 
currents, form ftrata, which are decomposed, lofc their 
organization, and leave all the principles of the vegetable 
confounded with the earthy principle. It is to this Source 
that the origin of pit-coal, and Secondary fchrftus, is ufually 
attributed ; and this theory is eitablifhed on the exigence 
of the texture of decompofed vegetables very ufualiy feed 
in fchifti and coal, and likewiie on the prefeuce of fhclls 
and fifli in moft of thefe products. 

It appears to me that the formation of pyrites ought to 
Be attributed to the decomposition of vegetables : it exifls 
in greater or lefs abundance in all fchifti and coal. I have 
found a wooden Shovel buried in the depolitions of the 
river De Ceze, converted into jet and pyrites. The decom- 
position of animal fubilances may be added to this caufe : 
and it appears to me to be a confirmation of thefe ideas, 
that we find many Shells pafTed to the Hate of pyrites. 

Not only the marine vegetables form considerable frrata 
by their decomposition ; but the remains of thofe which 
grow on the Surface of the globe, ought to be confidcrcd 
among the caufe:; or agents which concur in producing 
fchahges upon that Surface. 

We Shall Separately conlider how much is owing to each 
of thefe cauSes ; and fhall follow the eflefts of each, as if 
that caufe alone were employed in modifying and altering 
our planet. 
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i. The calcareous mountains are confkntly placed upon 
the furface of the primitive mountains ; and though a few 
folitary obfervations prefent a contrary order, we ought 
to confider this inverfion and derangement as produced by 
{hocks which have changed the primitive difpofition. I 
rnufl obferve alfo that the diforder is fometimes merely 
apparent ; and that fome naturalifts of little information 
have defcribed calcareous mountains as inclining beneath 
the granite, becaufe this lad pierces, as it were, through the 
envelope, rifes to a greater height, and leaves at its feet, 
almofl: beneath it, the calcareous remains depoiitcd at its 
bafe. 

Sometimes even the lime-done fills to a very great depth. 
the crevices or clefts formed in the granite. I have feen 
in Gevaudan, towards Florae, a profound cavity irj 
granite filled with calcareous done. This vein is known 
to poiTcfc a depth of more than one hundred and fifty toifes, 
with a diameter of about two or three. 

It like wife happens frequently enough that fuch water". 
as are loaded with the remains of the primitive granite, 
heap them together, and form fecondary granites, which 
may exilt above the calcareous if one. 
. Tbefe calcareous mountains are decompofed by the com- 
bined aclion of air and water; and the produce oi i. 
decompofition fometimes forms chalk or marie. 

The lightnefs of this earth renders it eafy to be tranf- 
ported by water; and this fluid, which does not polTefs 
the property of holding it in folution, foon depofits it in the 
form of gurhs, alabaiters, flalaccites, &c. Spars owe 
their formation to no other caufe. Their cry ihilization ij 
pofterior to the origin of calcareous mountains. 

Waters wear down and carry away calcareous moun- 
tains with greater eafe than the primitive mountains; their 
remains being very light, are rolled along, and more or 
iefs worn. The fragments of tbefe rocks are fometimes 
connected by a gluten or cement of the fame nature; j 
which procefs calcareous grit and breccias arife. Thefe 
calcareous remains formerly depofted themfelvcs upon the 
cjuartzofe land; and the union of primitive matter, and 
fecondary products, gives rife to a rock of a mixed mi 
which is common in our province. 
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i. The mountains of fecondary fchiftus frequently exhi- 
bit to us a pure mixture of earthy principles, without the 
fmallefl veftige of bitumen. Thefe rocks afford, by analy- 
sis, iilex, alumine, magnefia, lime in the ft ate of carbo- 
nate, andiron; principles which are more or Iefs united 
and consequently acccfliblc in various degrees to the action 
of fuch agents as deflroy the rocks hitlierto treated of. 

Th.c.'c fame principles when difunited, and carried awav 
by waters, give rife to a great part of the (tones which Ave 
have comprifed in the magr.efian genus. The fame ele- 
ments, worn down by the waters, and depofited under 
circumflances proper to facilitate cryftallization, form the 
fchcrls, tourmaline, garnets, &c. 

We do not pretend by this to exclude and abfolutely 
reject the fyftern of fuch naturalifts as attribute the forma- 
tion of magnefian ftones to the decomposition of the pri- 
mitive rocks. Put we think that this formation cannot be 
objected to for feveral of them, more efpecially fuch as 
contain magnefia in the greateft abundance. 

It frequently happens that the fecondary fchifti are inter- 
fperfed with pyrites; and, in this cafe, the funple contact 
of air and w : ater facilitates their decompofnion. Sulphuric 
acid is thus formed, wiiich combines with the various con- 
ftitucnt principles of theftone; whence remit thefulphates 
of iron, of magnefia, of alumine, and of lime, which 
efBcreke at the iurface, and remain confounded together. 
Schifti of this nature are wrought in mod places where alum 
Works have been eftablifhed; and the racft laborious part 
of this undertaking confifts in feparating the fulphates of 
iron, of lime, and of magnefia from ea< h other, wiiich 
are mixed together. Sometimes the mftgacfia is fo abun- 
dant that itsfulphate predominates: Ihavefeen mountains 
of fchiftus of this nature. The fuiihate of lime 1 
very fparingly foluble in water, is carried away by that 
Jiquid, and depofited to form gypfurn; while the other 
more foluble falts remaining I J, form vitriolic 

mineral waters. 

The pyritous fchifti are frequently impregnated with 
bitumen, and the proportions conflitute the various Cjnali- 
|jes of pit coal. 
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It appears to me that we may lay it down as an incon tes- 
table principle, that the pyrites is abundant in proportion 
as the bituminous principle is more fcarce. Hence it arifes, 
that coals of a bad quality are the mod fulphureous, and 
deflroy metallic veffels by converting them into pyrites. 
The focus of volcanos appears to be formed by a fchiftus 
of this nature; and in the analyfes of the frony matters 
which are ejected we find the fame principles as thofe 
which conflitute this fchiftus. We ought not therefore to 
be much flirprifed at finding fchorls among volcanic pro- 
ducts; and ftill lefs at obferving that fubterrancan fires 
throw fulpiuiric falts, fulphur, and other analogous pro- 
ducts out of the entrails of ihe earth. 

3. The remains of terreftrial vegetables exhibit a mix* 
ture of prirriitive earths more or lefs coloured by iron: we 
may therefore confider thefe as a matrix in which the feeds 

til ftony combinations are difperfed. The earthy prin- 
ciples affort themfelves according to the laws of their affi- 
nities; and form cryflals of fpar, of plafler, and even the 
rock cryflals, according to all appearance: for we find 
ochrecus earths in which thefe cryflals are abundantly dif- 
perfed; we fee them formed almofl under our eyes. I 
have frequently obferved indurated ochres full of thefe 
cryflals terminating in two pyramids. 

The ochreous earthj appear to me to defcrve the greateft 
attention of natural ifts. They conflitute one of the mod 
fertile means of action which nature employs; and it is 
even in earths nearly fimilar to thefe that flie elaborates 
the diamond, in the kingdoms of Golconda and Vifapcur. 
If it were allowable to indulge in a fiction purely poetical, 
we might affirm that the element of fire, fo far from being- 
Ion: by the difperfion of the combuflible principles of vege- 
tables, becomes purified to form this precious flone fo emi- 
nently combuflible: that nature has been defirous of prov- 
ing that the terms Deftrudtion and Death are relative only 
to the imperfection of our fenfes; and that ihe is never 
more fruitful than when we fuppofe her to be at the mo- 
ment of extinction. 

Thefpoils of animals, which live on the furface cf the 
globe, are entitled to fome confideration among the num , 
t>er of caufes which we aflign to explain the various changes 
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our planet is fubje&ed to. We find bones in a A ate of 
considerable prefervation in certain places; we can even 
frequently enough diflinguifh the fpecies of the animals to 
which they have belonged. From indications of this fort it 
is that fome writers have endeavoured to explain the difap. 
pearance of certain fpecies; and to draw conclufions from 
thence, either that our planet is perceptibly cooled, or 
that a fenfible change has taken place in the pofition of the 
axis of the earth. The phofphoric falts and phofphorus 
which have been found, in our time, in combination with 
lead, iron, &c. prove that, in proportion as the principles 
are difengaged by animal decompofition, they combine 
with other bodies, and form the nitric acid, the alkalis, 
and in general all the numerous kinds of nitrous falts. 



PART THE THIRD. 

CONCERNING METALLIC SUBSTANCES. 



INTRODUCTION. 



.ETALLIG fubftances are diftinguiihect 
from all the other productions of our globe, by an abfolute 
opacity, a much greater fpecific gravity than that of any 
other fubftancc, and a degree of brilliancy peculiar to 
bodies of this clafs. 

The multiplicity of ufes to which metals are applied in 
the arts, and in medicine, as well as the place which they 
occupy in the natural hiftory of our planet, render the 
fludy of them both interefting and necefTary. 

i . One of the diftin&ive characters of metals is their 
opacity. The mod opake ftone, divided into very thin 
laminae, becomes tranfparent; whereas the thinned plate 
of metal preferves the fame opacity as the mafs itfelf*. 
This truly character i (lie property has induced artifts to 
employ metals to reflect the images of objecls. A thin 
covering of tin and mercury fixed on thefurfaceof a glafs, 
forms a mirror or looking-glafs; and well-polifhed Heel 
conflimtes the mirrors of teJefcopes*. The hardnefs of a 

* Gold excepted ; which, when beaten into leaf of about the two 
hundred and eighty thoufanddi part of an inch in thicknefs, trani 
light of a beautiful green colour. It is highly prob 
metals would become tranfparent if they could be media 
or beaten out into laminx of fufficient thinnels, or if artifts had I .. ■ ' 
motives to attempt it. 

See Newton on Light and Colours, for the proofs on vJhich he. 

when 
T. 
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metal contributes Angularly to facilitate the reflection of 
objects, as it renders it Capable of taking a very fine polifti 
but its colour mud necefftrily concur to render it perfee?' 
for thefe tinges caufe it to abforb a greater or lefs quantity 
of the rays. The great defect of metallic mirrors is, that 
their furface becomes tarnifned by the inevitable alteration 
which the action of the air and moiiture mull: produce. 

2. The relative weight is likewife a character by which 
we may diftinguiiTi a metallic fubftance. A cnbic foot 
(French) of marble weighs 190 pounds (livres) ; a cubic 
foot of tin weighs 510 ; and a cubic foot of gold 1348. 

The metals, in general, likewife pofTcfs the facility of 
being extended and flattened when druck, or fubjeftcd to 
a flrong and gradual prelTure : this property is known by 
the name of Ductility. All the metals do notpoffefs this 
quality ; but thofe which poffefs the metallic qualities mod 
eminently, exhibit this likewife. We may diftinguiili three 
ftates of ductility relative to the manner in which it is modi- 
fied by various known proceifes. 1. Ductility under the 
hammer. 2. Ductility through the plate of the wire- 
drawer. 3. Ductility between the laminating rollers. 

Metals ductile under the hammer prefent themfelves in 
the following order : Gold, Silver, Copper, Iron, Tin, 
and Lead. 

Metals ductile through the wire-drawer's plate form the 
following feries: Gold, Iron, Copper, Silver, Tin, and 
Lead. — As, in the operation of wire-drawing, the metal 
is ltrongly drawn, to caufe it to pafs through holes of 
various diameters, and to reduce it into threads, the metals 
do not refilt this prodigious extenfion but in proportion to 
their greater or lefs tenacity. Mr. De Fourci oy has there- 
fore diitinguifhed this ducti'ity from the foregoing, by 
attributing it merely to the tenacity of the metals. 

* I do not find that fleel has ever been in gen r reflecting 

telefcopes, though it has doubtlefs been tried among the many ei 
rnents made for the improvement ol rmments. A kind or belt 

metal, confining of one-third tin, and two-thirds . 
employed tor this purpofe : theaddil ionic 

1 s to the clofencfc of its grain infult 

ife.-tiie of Mr. Edwards, ar.r.e:;cd to ;;.. . . for 

1787-' T. 
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There are forae metals which are not ductile either under 
the hammer or through the wire-drawer's plate, but 
become very confiderably fo when an equal and gradual 
preflure is applied. Zinc is of this nature. Mr. Sage has 
reduced it into very thin and very flexible leaves, by paf- 
fing it between the laminating cylinders. 

Heat affifts the ductility of all metals, by feparating their 
integrant parts, and forming fpaces or interdices which 
permit the compreffed molecules to flatten and extend 
themfelves. This circumftance has induced artifls to avail 
themfclves of the afliftance of heat in the working of metals. 
Without this precaution they would either become hard, or 
crack; becaufe the particles, being too near each other would 
be no longer capaDle of giving way under the hammer. 
, The ductility of metals permits us to fafhion them as 
we think fit ; and it is upon this admirable property that 
almoft all the arts are founded which relate to the working 
of metals. Without this property, metallic bodies would, 
confift either of fhapelefs maffes, or large pieces of fuch 
figures as calling might produce. But we iliould be deprived 
of the number of various objects which the arts have fuc- 
ceihvely afforded to fupply our wants or luxuries. 

Nature very feldom prefents us with metals pofTefTed of 
the degrees of perfection here enumerated. She has con- 
cealed them in the bowels of the earth, combined with 
various fubftances; which, by mafking or changing the 
metallic properties, have left to the indudry of man the 
laborious talk of extracting them, clearing them of their 
original combinations, and giving them the valuable quali- 
ties which are peculiar to metals. The metals, thus buried 
and concealed, form ores. Thefe ores ufualiy exift in 
clefts or crevices of rocks, which are diftingjuifHed by the 
name of Veins. Thefe veins are more or lefs inclined to 
.the horizon; and the degrees of inclination have caufed 
them to be diilinguimed by the names of direct, oblique, 
intlined, or level veins, according to the angle they make 
with the horizon. The part of the roc!; which refts upon 
the lup l of the vein, is called the Roof; and 

that pai t upon which the vein itfelf refts, is called the Bed 
of tHe vein. Thefe veins are of various breadths, and are 
bed by the names of Slips or Veins. 
Tt 
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They poffcfs a greater or lefs degree of continuity, ac 
cording to which they are diftinguiflied by the names o 
continued or broken veins ; and when the ore is found in 
fpherical parts or maifes, from fpaqe to fpace, thefe mafles 
are called Bellies or Stock-works. A vein which docs not 
penetrate to a considerable depth in the earth, is called by 
us Coureur de Gazcn. 

The characters from which mineralogies pretend to 
affert the exiftence of an ore in the bowels of the earth, 
are all equivocal and fufpicious. The favage afpect of a 
mountain, the nature of the plants which grow upon it, 
the exhalations whidi arifefrom the earth, all afford cha- 
racters too doubtful for a reafonable man to rifk his fortune 
uponfuch indications alone. The dipping wand, or divin- 
ing rod, is the fruit of fuperftition, and ignorance: and 
the ridicule which has been fucceffively thrown upon this 
clafs of impoftors, has diminifhed their number; at the 
fame time that the numerous dupes of this clafs of men have 
rendered their fuccefTors more prudent. 

The nature of the flones which compofe a mountain is 
capable of furnifhing fome indications. We know, for 
example, that ores are feldom found in granite, and the 
other primitive mountains; we know likewife.that moun- 
tains of too modern a formation contain them very rarely; 
and w T e find them only in fecondary mountains, in which 
the fchiftus and ancient calcareous flone are void of all 
. impreffions of fhells. 

The prefence of ponderous fpar, forming a flratum or 
vein at the furface of the earth, has been confidered by 
many mineralogies as a very good indication. It appears 
to me even that this flone is the fame which Becher has 
fpoken of in his works, under "the name of YiLiinab'.e 
Earth, which he confidered as a principle of metals; and 
that it has been very improperly taken for quartz by his 
readers. 

The vitriiiable (lone of Becher—-" lapidis fpecies qua* 
in igne iluit, et fuiens vitrum exhibct," — and cllewhere, 
" tranfparens enim nonnihii elt, albus, et quad, argentcis 
foliis interfperfus, ad ignem facile liquabilis," — was con- 
fidered by him as a certain indication of the prefence of 
ores, as appears by the following paffage : " Sine quo 
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lapidc, nulla minera bona eft, nee fertilatem promirtit ; 
s&eo enim isle lapis mineris nere/farius eft, Ui vel nude, et 
fine nllo metallo, in montibus exiftens, infallibile figmmi 
futuri metalli fit ; quod, hoc figno freti, non fine magnis, 
interdum fumptibus, quxrunt minerarum indaga tores ; 
Banc ergo five terrain five lapidem, non fine prcgnantibus 
caulls, pro principio priino omnium mctallorum, minerarum, 
et iapidum ac gcminaruin, ftatuimus et agnofcimus ; certis 
freti experiment's, ut in fequentibns dernonitrabimus, qui- 
bus evincere poifumus p:\x-fatam terrain actu in rnetallis et 
mineralibus omnibus, nee non Japidibus et gemmis, exiftere, 
eorumque mixtum ut bafim et fnndamentum ingredi ; unde 
ea hypoftafm fuam, oppofrtatem, diaphaneitatem, 'et flux urn 
nancifenntur ..... Hcec ergo terra non modo cum pre- 
feris adeft infallibile fignum affuturi metalli eft, fedet abfens 

idem fignum exiftit, defuturi nempc metalli &fe&& 

hujus terras proxima et frequentifiima caufa fterilium mine- 
rarum exiftit .... lapis de quo e/dmus, non modo ut matrix 
led ut.ingrediens et principium." 

When we poiiefs indications of the exiftence of an ore 
in any place, we may ufe the borer, to confirm -or deftroy 
theie fufpicions, at afmall expence. 

It frequently happens that the veins are naked or un - 
vered: the mixture of flones and metals forms a kind of 
cement which refrfts the deftrncaive action of time longer 
than the reft of the mountain; and as thefe parts of i-ocks, 
connected by a metallic cement, prefent a flronger refift- 
ante to the action of waters, which inceflantly corrode and 
dimiriifh mountains, and carry away their parts into the 
fea, we frequently obferve the veins projecting on the fides 
of the mountain? incruftecl with feme flight metallic impreC 
fion altered by the lapfe of time. 

Before we proceed to treat of metalli-; 
luge way, it Will be proper to tile me; 

,mg of the nature and value of an ore, in on 
:nembers of fociety may not raftdy hazard their for- 
3. The nature of an ore 'z judged from mfo'eaion. 
A^: taintance with this uibiecc 

of an ore. The blow-pi. ': : ument by the a/lift,, 

which wc may ;11K . 
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acquainted likewife with the fpecies of the ore. This 
knowledge forms the docimaftic art, or doci mafia. In 
order to make the aifay of an ore, in general (for all ores 
do not require the fame procefs, as we (lull hereafter 
obferve), fmall pieces of the mineral are examined. T hefe 
are cleared from foreign and flony fubfhnces as much as 
poffible. The pure mineral is then pounded, and a cer- 
tain quantity weighed, which is torrefied in a veffel larger 
and lefs deep than a common crucible. By this means 
the fulphur or the arfenic in- combination with the metal 
are diflipated; and by the lofs of weight refulting from 
the calcination, a judgment is formed of the proportion of 
foreign volatile matter it contained. 

This firft operation fliews the proportion and quantity of 
fulphur arid arfenic which may be mixed with the metal. 
The fulphureous fmell may eafily be diftinguifhed from the 
fmell of garlic, which characterizes arfenic. Thefe foreign 
fubftances mixed with the metal are called Mineralizers. 

In order to obtain an accurate judgment of the weight of 
the mineralizer, the augmentation in weight which the 
metal has undergone in paffing from its metallic ftate to 
that of oxide or calx, muft be added to the lofs occafioned , 
by the calcination. 

Two hundred grains of this rcafled ore are then to be 
taken, and mixed with fluxes capable of fiifuig and redu- 
cing it. In this operation a crucible is made uie of; and 
a fufficient degree of heat being applied, die metal is pre- 
cipitated to the bottom cf the crucible in a button, whole 
Weight indicates the quantity of metal contained in the ore. 

Thefe fluxes mult be varied according to the nature of 
the ores under examination, It is neceffary that they 
ihould all ' contain the coaly principle, to (JjfangagEl the 
oxigenc with which thefe metals are impregnated by the 
calcination. But the nature of the fiux mud be varied 
according to the funbility of the metal. The three fol- 
lowing will aufwer ali thefe purpofes. 

1. The fuiible material called black flux is made with 
two parts of tartar, and one part of nitre melted together. 
The coaly and alkaline refidue is ufed to reduce the ores of 
lc;:d, copper, antimony, &c, 
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1. Two hundred grains of calcined borax, one hundred 
grains of nitre, twenty grains of flacked lime, and one 
hundred grains of the ore intended to be aflayed, form the 
flux of Scopoli, of which I have found the advantage in the 
allay of iron ores. 

The vitreous flux of Mr. De Morveau, made with eight 
parts of pounded glafs, one of borax, and half a part of 
powder of charcoal, may be employed for the fame purpofe. 

3. Arfenic and nitre, in equal parts, form likewife a 
very active flux. 

The neutral arfenical fait has been e.fed with fuccefs to 
fufe platina. 

As foon as the exigence of a mine, and its nature and 
riches, are ascertained, it is in the next place neceiTary to 
be allured of a fufikient abundance and continuity of water 
to anfwer thepurpofes of the works. It is likewife neccf- 
fary to be allured of poiTeiiing a fiuilcient quantity of wood 
or charcoal; and, more eipecially, a good director mud 
'be procured: for, in my opinion, a poor mine well mana- 
ged is preferable to a rich one ill conduced. 

Thefe preliminary circumlu; ~es being accomplifhed, 
the molt Ample and lend expenhve proccfTes mull be cm- 
ployed in extracting the mineral from the bowels of -the 
earth. For this purpofe, (hafts or galleries mull be dug, 
according to the pod&tien of the vein, and the nature of its 
fituation. 

When it is practicable to arrive at the fide of the vein, 
and at a certain depth, by a horizontal gallery, the works 
become more Ample and economical; the fame opening 
ferving to draw off the waters, and extra & the ore. Galle- 
ries are then to be carried on to the right and left; and 
drafts funk, which communicate with the open air, as 
likewife others carried down into the vein. Galleries are 
likewife conflructed, one above the other, and the commu- 
nication of the works kept up by ladders. When the foil 
is friable, and defective in lblidity, care mud be taken to 
fupport it with timbers of fufheient drength, to prevent 
its falling in. 

Pickaxes, wedges, and levers are ufed to detach the 
ore, when the rock is foft; but it is mod commonly necef- 
fary to employ gunpowder, and to form mines, 
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Want of air, and the abundance of water, are almoft 
always noxious, and derange mine-works. The water h 
carried off by fire-engines, wind-mill pumps, and other 
fuitable apparatus. 

Currents of air are produced by eftabliming communi- 
cations with the galleries by horizontal apertures. Furnaces 
erected on the fide of a (haft, to which a long tube is adapted 
at one end, communicating with the am-hole, and at the 
ether plunging into the fliaft to draw up the air, or venti- 
lators placed in the fame fituation, anfwer a fhnilar pur- 
pofe. The foul air is deftroyed by rendering a lixivium 
of allies cauftic ; and fprinkling quick-lime about the mine 
likewife produces the fame effeci. 

A prudent company ought to extract the largeft poffible 
quantity of ore, before they determine upon conftru&ing 
the neceffary works for the fubfequcnt procefTes. We 
cannot fee into the bowels of the earth. Appearances are 
often deceitful ; and we have ken companies either ruined 
or difcouraged, becaufe they had employed immenfe funis 
to conftruci the neceffary furnaces to work an ore whofe 
exigence was doubtful. When the proceedings, in an 
undertaking of this kind, are carried on with proper 
precaution, and no more expence is entered into than what 
the ore extracted, and of a known value, is capable of 
reprefenting, the probable loffes are very fight, even in 
the pooreft mine. 

The works ought to be varied according to the nature 
and fiate of the mineral. It is found in three Alkie's — i. In 
the form of a native metal : in this cafe, nothing more is 
neceiTuy than to extradl it out of the mine, to clear it of 
the extraneous fubftances. and tofufe it. a. In the fdrnj or 
calx or oxide ; and in this flate it is fuilicient if it i 
and fufed. $. Combined with fulphur or arienic, in whit u 
cafe it muff be made to undergo fome other ■ is. 

Although, in this lad cafe, tile works', ftibferiue 1 
the extraction, vary according to the nature of me'oV.%. 
there are tteyerth lain general operate 

every kind of ore is fubjecied, which we (hall here Ipeaw of. 

The m "ways mixed with fto'tiy ■ fubftances, v^frich 

are called the Gangue. The firft bufmefs nr fore 

be to clear the metal of this foreign fubftance. For this- 
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when the ore is extracted, children are employed 
who examine it, and feparate the pure ore or rich mineral 
From that which is mixed with the gangue. As in this fecond 
quality the Hone is mixed with the ore, the whole is pul- 
verized by means of a (lamping mill, confiding of peflles 
of wood, fhod with iron, and armed with cocks, which are 
raifed by levers proceeding from the axis of a wheel that 
constantly returns. The mineral is by this means crufhed 
and pulverized ; and a stream of water which is made to 
pafs over it, carries away both the metallic and (tony parti- 
cles; the former being depofited in the first vefTels through 
which the water is made to circulate, while the latter or 
ftony part is carried to a greater diftance on account of 
its liphtnefs. 

This pulverized ore is called Sclich ; and, in order to. 
feparate all the earthy parts, it is vvafhed upon tables, 
(lightly inclined, over which a constant stream of water is 
made to flow. The fclich is agitated with brooms ; the 
water carries away all the fragments of itone, and leaves 
the pure ore upon the table. 

The calcination of the mineral fucceeds the wafhing. In 
this operation the mineralizer is carried off. Fire is always 
the agent made ufe of. Sometimes the pounded mineral 
is difpofed in piles upon heaps of wood, which, being fet 
on fire, heat the ore (trongly, and drive off the mineralizer. 
This calcination pdfleues the double ad : of difpofmg 

the metal for fufioii, as well as clearing it of the mineral- 
izing fubihnce. When the ore is more friable, it is fpread 
oat in a reverberatory furnace ; and the flame which 
reverberates upon it deprives it of its mineralizer, at the 
fame time that it partly fufes it. 

Mr. Exchaquet has propofed to deftroy the fulphur by 
nitre. This procefs is excellent for copper ores. The quan- 
tity of nitre varies according to the quantity of fhipi.ur ; 
but there is no danger of adding too much. l:\ this qpe- 




of air, kept up by me,ai|S of large bellows, or a mu,L;;^ 
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The trompe, or blowing machine*, is formed of a 
hollow tree which re a cafk whole lower head is 

knocked out, and th, part of the cafk itfelf plunged 

to a certain depth under water. A current of water is 
made to fall through this . trunk upon a (lone which 

is erected in the middle of the cafk. The air becomes 
difengaged, and is obliged to pafs out at a collateral aper- 
ture in the calk, by means of a tube which carries it to the 
the lower part of the furnace. This air is afforded. — i. By 
that air which the water carries along with it. 2. By a cur- 
rent which paffes through apertures made at the diilanceof 
fix feet from the fummit of the tree, and called trompilles. 

The dimenlions of a good trompe are the following : 

Length of the tree or wooden trunk, from its fummit 
to the fide apertures or trompilles, fix feet. 

Length of the tree from the trompilles to the caik, 
eighteen feet. 

Height of the caik, five feet. 

Diameter of the caik, four feet fix inches. 

The form of the internal part of the trunk above the 
trompilles, is that of a funnel, whofe fuperior opening is 
eighteen inches, and its inferior diameter five. 

The diameter of the cavity of the tree, below the trom- 
pilles, is eighteen inches. 

The diameter of the trompilles -is fix inches. 

The ftone upon which the water falls is eighteen inches 
in diameter. 

"When the mineral is once cleared of its gangue, its 
mineralizer, and all other foreign matter, it conilitutes 
what is called a metal, or regulus. 

Every fact appears to prove that metals are fimple fuh- 
flances ; the various alterations to which they vied, 

being combinations of the metal itfelf with other fubftances. 
None of thefe operations cither difeagage or fcparate any 
confeituent part of the metal itfelf, as we fliall i> 

Every metal is fuied at a certain degree of heat, more or 
lefs interne ; and in this fituation their fin fa 

* I do not find in I mmerce of 

v/cil treated, that the Enj \ called this machine by any \ 

priated name. T. 
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1. MaCquer and Lavoifier having expofed gold to 
tbe focus of the lens of Tfchirnhaufen, obferved that this 
mctal exhaled in fumes, without being decompofed ; as 
/•oved bycolle&ing it unaltered upon preferring a plate 
of lilver, which became gilt. Silver is volatilized in the 
L.ii:: 1;; inner without decompofition. 

Metals fufed, and cooled flowly, exhibit cryftallizations 
of confiderable regularity. The abbe Mongez, and Mr. 
Brorrnurt, have fueceeded in cryftallizing moll of them, by 
varying the procefs ufed by the celebrated Roulle in the 
cryftaliization of fulphur. 

Mod metals kept in a flate of fufion lofe their metallic 
brilliancy, and become converted into an opake powder 
called Oxide, or Metallic Calx. The oxides, when urged 
by a ftronger heat, are reduced into a vitriform fubftance, 
known by the name of Metallic Glafs. 

Metals acquire weight in their tranfition to the flate of 
oxide. This circumftance has led feveral adepts into error, 
who imagined they had increafed the weight of the metal. 
Geber obferves, " Ubi vel minimum augment! metallic! 
inveneris, ibi te dicimus elTe ante fores philofophorllm. ,, — 
" Et fane conveniens judicium eft," adds Becher ; " hi 
enim per quod corpus homogeneum augmentum capit, id 
ipfum eft quod pro principio iftius corporis haberi poteft." 
— Phyf. Subt. 

Stahl pretended that the calcination of metals arofe from 
the difengagement of phlogifton ; and he confidered their 
calces as an earth, or metallic baiis. 

Boyle affirmed that the increafe of weight in calcined me- 
tals was owing to the combination of the matter of fire; and 
Boerhaave ventured to attribute it to thefurrounding bodies, 
which depofited themfelves upon the metal. Of all the hy- • 
pothefes which have been formed upon this fubjeel:, that of 
Stahl has met with the greateft number of iupporters : and 
the blind zeal of his followers has carried them fo far as 
p. to difguife an unanfwerable objection ; namely, that 
it can never be explained how metais, by the lofs of one 
ciple, at the fame time that they do not acquire another, 
can become heavier. The reduction of the oxides or 
ailic calces, without any addition of the charcoal, can- 
not be explained on this hypothefis. 

Uu 
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It muft- be confefled that all chemifts were not of 
this way of thinking : and we find in the writings of Jean 
Rey, aPhyfician of Perigord, that he, in the year 1630, 
attributed the increafe of weight in calcined metals to the 
combination of air with the metal. He affirms that agita- 
tion facilitates this combination in no other manner than 
water renders the fand heavy which is thrown and agitatei 
in that fluid. 

He reafons like a chemifl: of confiderable ikill, to prove 
that the increafe of weight cannot be carried beyond a point 
of faturation ; and he concludes his obfervations in thefe 
Words : Le travail a cie mien ; le profit enfoit au lecleur, et it 
Dieu feul la gloire — " Mine has been the labour; let the 
reader enjoy the advantage, and toGod alonebetheglory*." 

All thefe feveral fketches were never formed into a 
connected fyftem; and this doctrine was even completely 
unknown, when Mr. Lavoifier proved to us that the calci- 
nation of metals was owing merely to the fixation of oxi- 
genous gas, and their reduction to the difengagerr.ent of 
this gas, effected by fimple heat, or by its combination 
with various bafes in fuch inllances wherein its adhefron to 
the metal is too ftrong to be overcome by mere heat. The 
proofs upon which this celebrated chemift has edabiifhed 
his opinion, are the following facts. 

1. Metals are not oxided either in a vacuum, or in air 
which contains no part of oxigenous gas. The Count 
Morozzo, Prieflley, Lametherie, and Piclet appear to 
have oxided lead, tin, and mercury in the carbonic acid. 
See the Memoir of Mr. Sennebier, Journal de Phyfique, 
Fevrier 1787. — But this pretended oxide is nothing but 
a metallic carbonate, or the combination of a metal with 
an acid, which is very far from calcination or oxidation. 

2. Metals inclofed under a glafs, and properly heated, are 
cxided only by abforbing the oxigenous gafs contained in 
the mafs of air which is infulated ; and when this abforption 
is ended, it is impoflible to carry the oxidation any further. 

3. Metals oxided in an atmofphere of oxigenous gas 
abforb it to the lad drop. 

* This is the fame Jean Rev, who, beino; under the neceffity of con- 
tradicting his friend Libavius on the theory of the calcination of rn 
exclaims — " O Truth, how dear art thou^to me! fiace 11 is in thy 
power to make me enter into a Cornell with fo dear a friend." 
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4. Such oxided metals as are capable of being reduced in 
dofed veffels, give out, on their return to the metallic ftate, 
the fame quantity of oxigenous gas as they had before 
abfoibed. 

This doclrine appears to me to be eftablimed on the 
the mod complete feries of proofs which can be defired in 
matters capable of demonftration. 

The concurrence of air and of humidity angularly aiMs 
the alteration of inetals. The water is decompofed in this 
procefs, and its hydrogene is diffipatcd, while its oxigene 
combines with the metal. This is doubtlefs the theory of 
fuch oxidations as are effected beneath the furface of water • 
and when we find oxides, or metallic calces, in the bowels 
of the earth, defended from the contact of air, the facls 
ought to be referred only to the decompofition of water 
or of acids which have oxigene for their bafe. 

Hence it follows that the alteration of a metal will be 
the more fpeedy — 1. In proportion as the affinity of the 
metal to oxigenous gas is (tronger. 2. As the quantity of 
oxigenous gas is greater. 3. As the air is more humid, 
Sec. Metals decompofe certain fubftances in order to unite 
with their oxigene, and by that means to pafs to the (laic 
of oxide. This is obfervable when the nitric acid is 
digefted upon certain metals. 

Metallic fubftances being confiderably numerous, it is 
neceiTary toclafsthem, that we may bring together fuch as 
poffefs fimilar properties, and feparate others which differ 
from them. 

Du&ilityfervesasa leading character. Meralsmaybediftiri- 
guifhed into fuch as are du£tile, and fuch as do not poffefs this 
property. The name of Metal has been peculiarly applied 
to the former, and that of Serai-metai to the latter kind. 

Among the metals there are feme which are changeable 
by expofure to air, while others are not fenfibly altered in 
the fame fituation. This difference has caufed a fubdivifioiv 
of the metals into perfcdl: and imperfeel metals. 

We mall begin by treating of the femi-metals, becaufe 
for the mofl part they approach to the faJine or ftcny fub- 
ftances in their qualities ; and we mail conclude with the 
perfeel inetals, becaufe they poiieis the metallic Qualities 
in an higher degree. 
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CHAPTER I. 

Concerning Arfenic. 

A HE fubftance which is fold in commerce 
Under the name of arfenic, is a metallic oxide of a glittering 
whitenefs, fometimes of a vitreous appearance ; exciting an 
impreffion of an acrid tafte on the tongue; volatile when 
expofed to fire, in which fituation it rifes in the form of a 
white fume, with a very evident fmell of garlic. 

Although arfenic is mofl commonly met with under this 
form, it may be reduced to the metallic ftate by treating it 
with oils, foaps, or charcoal in clofed velfels. The cele- 
brated Becher was perfectly acquainted with this procefs 
— " Si oleum, vel quodcunque pingue, arfenico mifceas, 
et per retortam diftilles urgenti igne, fublimabitur in col- 
lum arfenicum, infignitur antimonii inftar metallizatum." 
-—The arfenic which fublimes is of a brilliant grey colour, 
refembling fteel, but it fpeedily becomes black in the air: 
it forms cryflals, which Mr. De Liile confiders as alumini- 
form octahedrons. 

Arfenic is fometimes found native; and it is met within ; 
flalaclkes, or in protuberant depofitiom formed of layers 
more or lefs diflincl: and concentric, which are fc parable - 
from each other like the coats of an onion, or the Iaminre of 
fhells, from which it has obtained the name of teftaceolus 
arfenic. In other inftances the xnaffes are formed of v 
fmallfcales; which renders the fnrface of the fpecimen 
fometimes granulated, and fometimes full of fmall cavities: 
it is then called fcaly arfenic. Arfenic is alfo found in 
friable rnaffes, poflfeffing fcarcely any confidence. In thefe 
various forms we receive it from Bohemia, Hungary, 
Saxony, Saint Marie aux Mines, &c. 

Arfenic is volatilized by an heat of about 144 degrees of 
Reaumur. In order to fet fire to this metal, it muft be 
thrown into a crucible ftrongly ignited; and then it exhi- 
bits a blue flame, and rifes in the form of a white oxide. 

if it be fublimed by a gentle heat," it cryftallizes in 
* \ ihedral pyramids or in octahedrons. 
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Arfenic is not foluble in water. Its fpecific gravity's 
57633, according to Briffon. Its fracture refembles that 
of fteel, but it eafily tarniihes. 

Arfenic appears to exift in the metallic (late in its com- 
binations with cobalt in the teHaccous cobalt ore, or with 
iron in mifpickel, according to the obfervation of Bergmann. 
Arfenic unites by fufion with moil of the metals; but 
thofe which were cluaile before this addition, become 
brittle" afterwards. Thofe which are of difficult fufion 
alone flow more eafily by heat with the. addition of arfenic, 
and thofe which are very fufible become refractory by the 
fame addition. The yellow or red metals become white 
with this alloy. 

Arfenic is often combined with metals in various ores, 
ind is difjbhgaged from them by calcination. In various mine 
works, long wincing chimneys are conltructed, through 
which the arfenical vapours pais, and in which they attach 
themfelves. The cruCc which is formed in procefs of, time 
again ft the internal furface of thefe chimneys is taken 
away, and is the fubftance met with in commerce under 
the name of arfenic. The cobalt ores of Saxony, which 
are torrefied to feparate this femi-metal, afford almoft the 
whole of what is fold. This oxide of arfenic is fometimes 
native, and has been found in Saxony and Bohemia. It 
is very abundant in fuch places as are fituated in the vici- 
nity of fubterranean fires, fuch as the Solfatara. It is often 
found cryftallized in octahedrons, according to Mr. Sage. 
The oxide is lefs volatile than the metal itfelf ; and, as 
We have before obferved, it emits a very evident fmell of 
garlic. If it be fublimed by a ftrong fire in clofed vefTels, 
it becomes tranfparent like glafs; but its furface is foon 
rendered opake again by expofure to air. It is not rare 
to find arfenical glafs in the arfenic of commerce: it \i 
yellowiih, and foon lofes its tranfparency by expofure to 
air. This glafs is fometimes found native in the cobalt 
mines, and. among volcanic products. 

Eighty parts of diitilled water, at the temperature of 

twelve degrees, are required to dirTolve one part of the 

oxide of arfenic ; but fifteen are fufiicient at the boiling heat. 

One part of arfenic is fcluble in between feventy and 

eighty parts of alcohol at the boiling heat, 



2q2 Realgar. Qrpimenh 

The oxide of arfenic partakes therefore of the proper- 
ties of faiine fubftances, and differs from the other metal- 
lic oxides — i. Becaufe it is perfectly foluble iu water. 2. 
Becaufe the other metallic oxides are without i'mcll, and 
fixed in the fire. 3. Becaufe thofe oxides do not contract 
any union with metals. 

On the other hand it refembles the metallic oxides — 1. 
In becoming converted into a metallic glafs by a ftrong 
heat. 2. In forming an opake infoluble fubftance, poffel- 
fmg the metallic brilliancy when deprived ofoxigene. 

The oxide of arfenic is capable of combining with ful- 
phur; andtherefult is either orpiment or realgar, accord. 
ing to the manner of operating. 

"Mod chemifts have a notion that the realgar contains 
more fulphur than the orpiment; and they have prescribed 
different proportions to form thefe two fubftances. But it 
has been proved by Mr. Bucquet, that this difference of 
colour arifes only from the manner of applying the fire; 
nothing more being neceffary to convert orpiment into real- 
gar, than the expofmg it to a flrong heat: and with the 
fame mixture we may at pleafure obtain either of thefe pro- 
ducts, according to the manner of applying the heat. 

Orpiment and realgar are found native in certain places. 
Linnaeus, Wallerius, Bergmann, and Croniledt have 
defcribed them. 

Cryftals of realgar are found in Solfatara near Naples, 
according to Ferber; in the mines of Nagyag in Traniyl- 
vania (fee Forfter's Catalogue; in the mines of Felfobanya 
in Upper Hungary ; in thole of joachimftal in Bohemia, 
and of Marienburg in Saxony. 

Realgar is common in China; it is made into vafes, 
pagods, and other ornamental works. The Indians ayike 
-ole of thefe veflels to procure a purgative medicine: for 
this purpofe they leave vinegar or lemon juice for feverai 
hours in the veffel, and afterwards drink it. 

Realgar is commonly found in the waters of volcanos. 
1 have almoft always obferved it in compreiTed hexahe 
prifms, terminating; in two tetrahedral fummits. 

Orpiment is lei's fcarce than the realgar. It almoU 
always accompanies this fubftance; but the orphnenr of 
commerce comes to us from various countries up the he- 
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vant, in irregular mattes, folid or lamellatcd, and of a 
Beautiful orange yellow. The Baron de Born informs us 
that it is met with, in polyhedral cryftals, in a blueilh 
clay near Newfol in Hungary. 

Lime and the alkalis decompofe thefe two fubftances, 
and difengage the oxide of arfenic. 

' The acids and the alkalis exhibit interefting phenomena 
with arfenic. 

The fulphnric acid, when boiled on the oxide of arfenic, 
attacks and diflblvcs it; but this oxide is precipitated by 
cooling. If the whole of the acid be diinpated by a flrong 
heat, the arfenical acid remains behind. 

The nitric acid, affifted by heat, diffolves the oxide of 
arfenic, and forms a defiquefcent fait, of which we fliall 
prefcntly treat. 

The muriatic acid attacks arfenic very feebly. Meflrs. 
Baven and Charlard found its action very weak whether 
heated or cooled. 

In order to form the fublimcd muriate cf arfenic, or but- 
ter of arfenic, equal parts of orpiment and corrofive fubli- 
mate of mercury are mixed together. The mixture is 
diftillcd by a gentle heat; and the receiver is found to 
contain a blackim corrofive liquor, which forms the fub- 
limed muriate of arfenic. Cinnabar comes over if the heat 
be increafed, according to the obfervation of Mr. Sage. 

If pure pot-afh be boiled on the oxide of arfenic, the 
alkali becomes brown, gradually thickens, and at laft forms 
a hard brittle mafs. This arfenical fait of Mr. Macquer is 
deliquefcent. It is foluble in water, which lets fall brown 
flocks. It is decompofed by fire, and the arfenic efcapes. 
Acids deprive it of its alkali, &c. 

Soda exhibits phenomena nearly fimilar with this oxide; 
and Mr. Macquer even affirms that he obtained this fait in 
cryftals. 

I have proved that ammoniac difrbhres the oxide of arfe- 
• nic by heat; and I have feveral times obtained cryftals of 
arfenic by fpontaneous evaporation. I am even of opinion 
that the alkali is decompofed in thefe circumflances, that 
tbenitrogeoe is difiipated, while the hydrogene unites with 
the o&igeuc of the oxjde, and forms uater. 



2g4 Acid of Arfenic. 

The cxide of arfenic haflens the vitrification of all the 
earths; but the glaiiesinto which it enters as a component 
part, have the property of eafily becoming taniifhed. 

Equal parts of nitre and oxide of arfenic, difiilled in a 
retort, afford a very red and almoft incoercible nitric acid. 
Stahl and Kunckel obtained it by a procefs nearly fimihir. 
Macquer having rcfurncd this work, carefully examined 
the refidue in the retort, and found that it was a fait folu- 
ble in water, capable of cryftallizing in tetrahedral prifras 
terminated byfour-fided pyramids, unalterable in the air, 
fufible by a moderate heat, but without becoming alkalized. 
Mr. Macquer called it the neutral arfenical fait : he fuppofed 
that no acid could d^compofe it. But Mj . Pelletier proved 
that the fulphuric. when difiilled. with it, difengaged its acid. 

The arfeniate of foda differs little from the arfeniate of 
pot-afh. Mr. Pelletier obtained this fait cryftallized in 
hexahedral prifms, terminated by planes perpendicular to 
their axes. 

By thefe feveral experiments, Mr. Macquer had fhewn 
that arfenic anfwered the purpofe of an acid in thefe com- 
binations. There remained only one ftep therefore to be 
made, to prove that it was really mctaphorphofed into an 
acid in thefe feveral operations: and it is to the celebrated. 
Scheele that we are indebted for this difcovery. His capi- 
tal experiments upon manganefe naturally led him to it. 

He has given us two procefles to obtain this arfenical 
acid; the firfl by means of the oxigenated muriatic acid, 
and the other by the nitric, acid. Thefe acids are dial- 
led from the oxide of arfenic: the muriatic acid abandons 
its oxigene to the oxide of arfenic, and refumes the cha- 
racters of the ordinary muriatic acid. The nitric acid is 
itfelf decompofed ; and one of its principles is diiupated, 
while the other isfixed and combines with fhe arfenical oxide. 

This acid is at prefent obtained by diililling fix parts of 
nitric acid from one of oxide of arfenic. 

Mr. Pelletier likewife propofes to decornpofe the nitrate 
of ammoniac by the oxide of arfenic. The refidue in the 
retort is the arfeniate of ammoniac, from which the alkgji 
may be driven by a fire long kept up. The rolduc is a 
vitreous mafs, ftrongly attra&ing humidity, and faitypg into 
deliquium. It is the pure arfenical acid. 
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Mr. Pelletier has likewife decompofed the neutral arfe- 
nical fait, by mixing it with half a part of oil of vitriol, 
and urging the fire to fuch a degree as to ignite the vcffels. 
The refidue at the bottom of the retort is a white mafs, 
which attracts humidity, and is the arfenical acid. A 
white powder is obfervable, which is found to be the ful- 
phate of pot-afh or of foda, accordingly as the arfenical fait 
has foda or pot-afh for its bafis. 

From the various proceifes made ufe of to form the arfe- 
nical acid, it is evident that this fubftance is nothing but 
the arfenical oxide, faturated with the oxigene which it 
takes from the various bodies digefted upon it. The nitric 
acid, or the nitrates ufed for this purpofe* are decompofed; 
the nitrous gas palTes over very abundantly, and the oxi- 
gene remains mixed and united with the oxide of arfenic. 

This acid poifelTes the concrete form; but it attracts the 
humidity of the air, and becomes refolved into a fluid. 

It is fixed in the fire; but if it be heated in contact with 
a coaly fubftance, it is decompofed, and the oxide exhales 
in the form of fumes. It is reduced into arfenic, according 
to Mr. Pelletier, by palling hydrogenous gas through it. 

At the temperature of twelve degrees of the thermome- 
ter of Reaumur, this acid requires only two-thirds of its 
weight of water to difTolve it ; whereas one part of the 
oxide of arfenic requires twenty-four of water to difTolve it 
at the fame temperature. 

This acid, when diiTolved in water may be again con- 
centrated, and carried to the (late of a tranfparent glals 
without any alteration; for it is not by this treatment 
deprived of its power of attracting humidity from the air.- 

When it is in this flateof concentration, it acts ftrongly 
on the crucible, and diffolves the alumine, according to 
Mr. Berthollet's experiments. 

The arfenical acid, faturated with ammoniac, and duly 
evaporated, forms a fait cryftallized in rhomboides; which, 
when urged by heat, lofes its water of crytlallization, 
next its alkali, and is refolved into a vitreous mafs. 

Barytes and magnefia appear likewife to have a flronger 

lity with this acid than the alkalis, according to Berg- 

mann. Lime decompofes the neutral ferlts with bafe of 

alkali, according to the experiments of the fame chemift. 

Xx 



2 q6 Count erpoifoji againfi Arfenic, 

Arfenic is ufed by the dyers; it is likewife ufed as a fins: 
in glafs-houfes, and in docimaftic works; it alio enters as a; 
component part into fomc glazes. Orpiment and realgar 
are very much ufed by painters; but arfenic is one of thofe 
productions whofe advantages are not fufficient to compen- 
sate for its bad effects. This metal, which is very abun- 
dant, and very frequently n:et with in mines, caufes the 
deftruction of a number of workmen who explore them: 
being very volatile, it forms a duff which affects and deflroys 
the lungs ; and the unhappy miners, after a languilhing 
life of a few years, all peri ill, fooner or later. The pro- 
perty which it poflefi'es of being foluble in water, multi- 
plies and facilitates its deftruclive power; and it ought to 
be profcribed in commerce, by the ftrict law which prohi- 
bits the fale of poifon to unknown perfons. Arfenic is 
every clay the initrument by which victims are facrified, 
either by the hand of wickednefs or imprudence. It is 
often miflaken for fugar; and thefe miftakes are attended 
with the mod dreadful confequences. Whenever there i3 
the lead reafon to .fufpect its prefence, the doubt may be 
cleared up by throwing a fraall quantity of the powder upon 
heated coals* The knell of garlic, and the white fumes, 
are indications of the prefence of arfenic. The fymptoms 
whic : characterize this pcifon are, a great couftriclion of 
the throat, the teeth fet on edge, and the mouth ftrongly 
heated; an involuntary fpitting, with extreme pains in the 
flomach; vomiting of glairous and bloody matter, with 
cold fweats and convulfions. 

Mucilaginous drinks have been long ago given to perfons 
poifoned by arfenic. Milk, fat oils, butter, &c. hare 
been fucceffively employed. — Mr. Navier has propofed a 
more direct counterpoifon. He nrefcribes one dram (grcs) 
of fulphure of pot-afh, or liver of fulphur, to be diifolved 
in a pint of water, which the patient is directed to drink at 
feveral draughts : the fulphure unites to the arfenic, and 
def! rcys its cauflicity and eJFeft, "When thefe jRrfl fymp- 
toms are diiiipated, he advifes the ufe of mineral lulphureous- 
iters. He likewife approves of ndik, but condemns the 
uie of oils. Vinegar, which diflolves arfenic, has 
.wife rec; .d by Mr. Sage- 
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CHAPTER IL 
Concerning Cobalt. 

v^ OB ALT was employed by artifts to give a blue 
colour to glafs, long before it was fuppofed to Contain a 
femi-metal. We are indebted to Brandt, a celebrated 
Swedifh mineralogift, for the knowledge of its properties, 
and metallic character. 

The fpecific gravity of fufed cobalt is 78 1 1 9. See BrifTon. 

Cobalt is combined in the bowels of the earth with ful- 
phur, arfenic, and other metallic fubftances. 

1. The arfenical cobalt ore is of a grey colour more or 
lefs deep, dull in its fracmre, and becoming black on 
expofure to the air; in confequence of an alteration in its 
arfenical part. , 

This ore of cobalt cryftallizes in fmooth cubes, and 
affects feveral varieties. I have a piece which has the 
form of tetrahedral pyramids, joined bafe tobafe. This 
fpecies of cobalt fometimes affects a confufed cryflallization 
in dendrites, and is then called Knit-cobalt ore. Some- 
times it is found in protuberances, fhla&ites, &c. 

2. The fuiphureous ore of cobalt refembles the grey 
filver ore in its texture: it contains iron and filver; and 
efflorefces of a lilac colour, mixed with a yellowiih green. 
— Sage, Annal. Chem. t. ii. 

Mr. De Lille pOiTefTes fpecimens of this kind, which 
came from the mine of Batnaes at Riddarhyttan. 

3. Cobalt is mineralized by fulphur and arfenic, in 
the mine of Tunaburg in Sudermania. 

The cryftallization of this fpecies is a cube ftriated on 
its fix faces, and commonly truncated more or lefs deeply 
en its edges. 

This ore contains, according to Mr. Sage, fifty-five 
pounds of arfenic, eight of fulphur, two of iron, and 
thirty-five of cobalt. 

4. The ores of cobalt are fometimes in efHorefcence; and 
the fuiphureous ore forms by its. decompoiilion the fulphate 
of cobalt. 
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The fulphure of cobalt, and the arfenical cobalt ore, 
pafs to the (late of oxide in their decompofition ; and the 
furface becomes covered with a colour of peach flowers, 
more or lefs intenfe. It is fome times coloured wkh an 
emWfcence in the figure of ftars formed by radii applied 
to each other collateraly, and all tending to a common 
centre. This is an indiftincT: cryftallization, in which Mr. 
De Lifle thinks he obferved tetrahedral prifms terminated 
by dihedral fummits. The flowers of cobalt are frequently 
a mere powder, more or lefs coloured. Thofe ores 
which are in a flate of complete decompofition are called 
Soft or Earthy cobalt ores. 

To affay an ore of cobalt, the firft: procefs is torrefacrion. 
Two hundred grains are afterwards fufed with an ounce 
and a half of black flux. Mr. Sage is confident that more 
metal is obtained by mixing the oxide of cobalt with two 
parts of white glafs, and a fmall quantity of coal. 

When cobalt is mixed with bifmuth and iron, its oxide 
mud be diflilled with equal parts of the muriate of ammo- 
niac, until the fait which fublimes in the neck of the retort 
has acquired a green tinge. Mr. Sage, who gives us this ' 
procefs, obferves that feven or eight fublimations are fome- 
times neceffary to deprive the cobalt of all the iron and 
bifmuth which it contains. 

Cobalt is of a light grey colour, compact and brittle. 
It is not eaflly fufed, is not volatile, refifls cupellation, 
and refufes to amalgamate with mercury. 

The working of cobalt ores is very Ample. It confifls 
in roafting the ore in a reverberatory furnace terminating 
m a long chimney, into which the vapours are received. 
Thefe vapours, or arfenical fumes, attach themfelves to the 
fides, and form a crufl, which is cleared off by criminals, 
who are condemned to this work for crimes that by the law 
deferve death. The cobalt ores of Saxony afford all the 
arfenic oA ,:rce. When the oxide of cobalt is cleared 

of arfenic, it is known by the name of Zaffer. The zaffer 
of commerce is mixed with three-fourths of fand. This 
oxide, fufed with three parts of fand, and one of pot-afh, 
terms a blue glafs, which, when pounded, fifted, and 
afterwards ground in mills, included in large cafks, forms 
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£ 
Smalt. In order to obtain the blue of various degrees o 

iincnefs, the final t is agitated in calks filled with water, and 

pierced with three openings at different heights. The water 

of the upper cock carries out the lighted blue, which is 

called Azure of the Firft Fire : the heavier particles fall 

more fpeedily ; and the azure brought out by the water of 

the three cocks, forms the different degrees of iinenefs 

known under the names of Azure of the Firft, Second, 

and Third Fire. 

Bohemia and Saxony have hitherto pofTefTed the exclufive 
power of fupplying us with thefe products. A defcription of 
thefe capital works may be feen in the mineralogical produc- 
tions of Meffrs. Jars, The works of Saxony have been 
fupplied, for feveral years, by the cobalt ore difcovered in 
the Pyrenean Mountains, in the valley of Giften. But 
the Comte de Beufl: has formed eftablifhments which fecure 
to us the benefit of this commerce ; and he has even been 
fo fortunate as to find, near the village of Juget, a quartz 
fafficiently charged with cobalt to admit of being fufed 
without any addition of colouring matter. 

The effablifhment of the Comte de Beufl is capable of 
manufacturing fix thoufand quintals of azure, or enamel 
blue ; and is able not only to fupply our own wants, but 
to enter into competition with the works of Saxony for the 
foreign trade*. 

He has likewife, in concert wkh the Baron Dietrich, 
difcovered the procefs of making powder blue ; a fecret 
which was exclufively in the pofTeffion of the Hollanders 
till the prefent time. 

Smalts are ufed in the preparation of cloths, laces, 
linens, muflins, thread, &c. 

The azures are mixed with flarch, and form the blue 
fo well known and univerfally ufed by laundreffes. 

It is likewife employed in forming blue paintings on 
fayence, porcelain, and other potteries; cryftals and glafifes 
are coloured blue by this fubftance j and it is alfo ufed in 
painting in frefco. 

* A defcription of the works of the Comte de Beufl: may be feen in 
the Defcription des Giles des Minerals, des Forges, et des Salins des Pyre- 
>;e;s, par M. le Baron de Dietrich. 



*o<*> Habitude of Cobalt with Acids. 

The coarfeft: blues are ufed by the confectioners and 
others, in the way of ornament ; and in Germany they 
are ufed as fand for writing-paper. 

The confumption of fmalt, azure, blue fands, and zaf- 
fers, in the kingdom of France only, is eftimated at four 
thoufand quintals, which are fold from feventy-two to fix 
hundred livres the quintal. 

Cobalt is foluble in the acids. 

One part of this metal, diflilled with four parts of ful- 
phuric acid, affords the fulphureous acid; and the refidue 
in the retort is the fulphate of cobalt, foluble in water, 
and capable of cryftallizing in tetrahedral rhomboidal cryf- 
tals, terminating in a dihedral fmnmit. 

Barytes, magnefia, lime, and alkalis decompofe this 
fait, and precipitate the cobalt in the form of oxide. 

One hundred grains of cobalt diffolved in the fulphuric 
acid, and precipitated by foda, afford one hundred and 
forty grains of precipitate, and one hundred and fixty 
when precipitated by chalk. 

The nitric acid diifolves cobalt with effervefcence. The 
folution affords cryftals in needles, which have not been 
ftri&ly examined. This fait is deliquefcent, boils on the 
coals without detonating, and leaves a deep red calx-. I 
have feen this fait inveryfhort beautiful hexahedral pyra- 
mids. It decrepitates and fufes on charcoal. 

The muriatic acid does not diffolve cobalt in the cold, 
but by the affiftance of heat it diifolves a portion of it. 
This acid acts more effe&ually upon the zaifer, and the 
folution is of a very fine green, and when diluted with 
water conftitutes a very fingular fympathetic ink ; for it 
paffes from a lilac, or violet colour, to purple, green, and 
black. 

The nitro-muriatic acid likewife diifolves cobalt, and 
forms the fympathetic ink, which Hellot has called the 
Ink of Bifmuth. 

Ammoniac likewife diffolves zaiTcr, and produces a, 
liquor of a beautiful red colour. 
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CHAPTER. III. 



Concerning Nichl. 
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.YERNE appears to have been the firft who 
treated of nickel, under the name of Kupfernickel, in 
1794, in a work on minerals. 

Henckel confidered it as a fpecies of cobalt, or arfenic 
mixed with copper. 

Cramer has likewife placed it among the Ores of copper ; 
and it was not until the year 1 751, that Cronftedt obtained 
a new femi-metal from this pretended mixture. 

Kupfernickel is found not only in the German diflricls, 
but likewife in Dauphiny, and in the Pyrenean Mountains. 
In digging out a calcareous ftone for building, at Bareges, 
and oppofite St. Sauveur, {mail veins and lumps of nickel 
were found in the calcareous fpar, fome parts of which 
were reduced to the {late of green oxide. Mr. Sage, who 
analyfed that of Biber in lleiTe, and that of Allemont, 
found it to contain gold. 

In order to obtain nickel from its ore, it mud firfl be 
torrefied to difengage the . arfenic ; and the oxide mud 
then be fufed with three parts of black flux, and a fmali 
quantity of coal. This metal is of a reddiih grey colour. 

The fpecific gravity of fufed nickel is 7,8070. Briilon. 

As it is very difficult to drive off ail the the arfenic by 
a previous torrefaction, the metal, when urged by a vio- 
lent fire, {lill fiuTers arfenic to efcape. 

The methods pointed out by Bergmann and Arvidfon to 
purify nickel, coniid in repeated calcinations and reduc- 
tions : but thefe operations feparate the arfenic only ; and 
Bergmann admits that he did not fucceed in completely 
depriving it of its iron, though he treated it by every 
tblc method. He feems difpofed to confider it as a 
modification of iron. 

The DifTertation of Bergmann De Nicolo, Opufcula, 
t. ii. may be confulted on the nature of this metal - y and 
alio the Analyfe Chirnique ol Mr. Sage, &c. 



g o2 Properties of Bifmuth. 

The fulphuric acid diftllled upon nickel affords ful- 
pliureous acid, and leaves a greyifh refidue, which, 
when diifolved in water, communicates to it a green 
colour. 

The fulphate of nickel . efflorefces in the air. 

Nickel is attacked very ftrongly by the nitric acid. 

The folution, when evaporated, affords cryftals of a 
beautiful green, in rhomboidal cubes. 

The nitric acid likewife diffolves the oxide of nickel, 
and forms with it deliquefcent cryftals of a fine emerald 
green, and of a rhomboidal form, according to Bergmann. 

The muriatic acid diffolves nickel, when heated. The 
folution produces cryftals of the molt beautiful emerald 
green, and of the figure of long rhomboidal octahedrons. 

Cronftedt has taught us that nickel combines with ful- 
phur by fufion, and that the refult is a hard yellow 
mineral, with fmall brilliant facets. The fame chemiit 
diffolved this lad metal in the fulphnre of pot-afh, and 
formed a compound refembling the yellow copper ores. 

Nickel does not amalgamate with mercury. 
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CHAPTER IV. 

Concerning Bifmuth. 



HSMUTH, or tin-glafs, is a femi-metal of a 
finning yellowifh white, difpofed in plates and chatoyant. It 
has fome analogy with lead ; and, like that metal, it panes 
off on the cupel, carrying the bafer metals along with it. 

The fpecific gravity offufed bifmuth is 9,8227. — See 
Briffon. 

Bifmuth is the moft eafily fufed of all the femi-metals, 
after tin. It requires only the 200th degree of heat. 
^ It is found in various ftates in the bowels of the earth, 
cither native, or combined with fulphur, arfenic, or 
oxigene. 

1. Native bifmuth is fometimes cryftallized in cubes : 
Wallerius and Cronftedt found it in this form in the mines 
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of Schneeburg in Saxony. Thcfe cry/his often re-unite 
in the form of dendrites, in the fpathofe or quartzofe 
gangues. Native bifmuth is found in mafTes, covered with 
protuberances referabling ftalactites. 

Native bifmuth is frequently altered by a flight decom- 
pofition of its metallic furface. 

The native bifmuth of Saxony is fometimes irifed, and 
mixed with arfenic : it has a reddilli jafper for its gangue. 

2. Arfenical bifmuth is of a whitifh and brilliant grey 
colour. This ore is fometimes covered with an ochre of 
bifmuth. and often contains cobalt. I have feen pieces of 
afenical bifmuth, from Schneeburg, in the form of dendrites 
on a gangue of jafper. 

3. We are indebted to Mr. Cronftedt for the know- 
ledge of a fulphureous ore of bifmuth. That which he 
has defcribed is of a blueifh brilliant grey colour. 

This fpecies frequently poxTefTes the lamellated texture 
of the large plated galena, which has caufed Linncous, 
Wallerius, and others, to give it the name of Galena of 
Bifmuth. It is found at Batneas, at Riddarrhitan in 
Weftmanland. It decrepitates on heated coals, and re- 
quires to be pulverized, in order to torrefy it without loft. 

The galena of bifmuth is fometimes ftriated. 

The fulphureous ore of bifmuth is fometimes compact, 
of an obfcure colour, fprinkled with fmall brilliant points. 
That of Schneeburg in Saxony is of this kind. 

Mr. De la Peyroufe discovered, in 1773, on the moun- 
tains of Melles in Cominges, in the quarter called Les 
Raitz, an ore of bifmuth, which refembles this fmall 
plated galena, and has no external difference, excepting 
that it is lefs heavy. This ore is mineralized by fulphur', 
in the proportion of thirty-five livres per quintal. 

4. Cronftedt, Limrseus, Jufti, and De Born, have fpo^ 
ken of a bifmuth ore of a greenifh yellow, found, in 
Saxony, and in Sweden. Mr. Sage communicated to the 
Academy, on the 17th of Auguft, 1780, the analyfis of an 
earthy, folid, yelldwifh green ore of bifmuth. He obtained 
quartz in the proportion of one-third, fome carbon! : 
acid, thirty-fix pounds of bifmuth per quintal, and twenr. 
four grains of filver : he found neither copper nor iron. 
Bfcfides this green ore, he analyfed a yellow, folid, flight- ■• 

Yy 



304 Habitudes and Ma^jlcry of Bifmuth, 

brilliant, andfometimes femi-tranfparent ore, which afford- 
ed him nearly the fame refults, bat nine pounds more of 
bifmuth. 

This oxide mud be fufed in the blafl furnace. 

The fufibility of bifmuth renders the working of this 
ore very fimple, and the apparatus may be varied in feveral 
ways. Nothing more is neceffary than to throw the ore 
into the fire, and to make a cavity underneath to receive 
the femi-metal. 

Bifmuth, when heated to rednefs, burns with a blue 
flame, fcarcely perceptible. Its oxide rifes in the form 
of a yellowiih fume, which, when condenfed, forms the 
flowers of bifmuth. Its weight is increafed twelve per 
cent, in pafiing to the flate of oxide. 

Mr. Darcet has converted bifmuth into a glafs of a dull 
violet colour. 

Bifmuth may be fubftituted inflead of lead, in the pro- 
cefs of cupellation. Its vitrification is even more fpeedy. 

The fulphuric acid, boiled on bifmuth, fullers fulphii- 
reous acid to efcape, and partly diflblves the femi-metal. 
The fulphate of bifmuth does not cryitaliize, but is very 
deliquefcent. 

The nitric acid attacks bifmuth, and is very fpeediiy 
decompofed. Nitrons gas is difengaged, while the oxigene 
n fixed in combination with the metal. There is never- 
thelefs a portion dilTolved which is capable of formin 
fait in rhomboidal,tetrahedral prifms 3 teiunnatmg in a tetsa- 
hedral pyramid with unequal faces. This nitre detonates 
weakly with reddiih fcintillations ; and melts, fwells up, 
and leaves an oxide of a greenilh yellow colour. 

This fait lofes its tranlparency in the air, at the fame 
time that its water of cryihillization flies off. 

The muriatic acid does not act on bifmuth but in the 
courfe of a confiderable time ; and for this purpofe it mull 
be highly concentrated. The muriate of bifmuth is of 
difficult cryihillization, and ftrorigly attracts the humidity 
of the air. 

Water precipitates this femi-metal from ail its folutionsi 
and the precipitate, when well warned, is known by the 
name of JMagiilery of Bifmuth, or white paint for 
corcp hitc is ufed as a pigment for the J 
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but ftrpng or fulphureous vapours, and even the animal 
iranfpiration, convert it into metal, and alter its colours. 
The hair-dreffers, when they are defirous of converting 
hair to a black colour, fmear it with permatum prepared 
with the magiftery of bifmuth. 

Bifmuth is ufed by the pewterers to give hardnefs to 
the metallic cornpofition of pewter. 

[r. Pott has publifhed a diiTertation, in which he af- 
firms that phyficians have made ufe of fome preparations 
of this femi-metal : but it h proper that it fhould be 
prohibited, becaufe it almolt always retains a portion of 
lie, and it felf partakes of the noxious properties of 
lead. 

The white of bifmuth is very much ufed as a paint for 
the complexion. Its various folutions form fympathetic inks, 
which are more or lefs curious, on account of the facillity 
with which this oxide is altered, and becomes black. 

Schluter, in his Treatife of the Fufion of Ores, pretends 
that it may be ufed in making the azure blue glafs. But 
it appears, from his own account, that he made ufe of a 
bifmuth ore very rich in cobalt. For he fays, that a. 
moderate fire caufes this ore to fuffer its bifmuth to flow 
out, and that refidae is a grey and fixed earth, which 
may be employed to advantage in making the blue. 

This femi-metal unites with all the metals ; but very 
difficultly, in the way of fufion, with the other femi-metals, 
or the metallic oxides, Antimony, zinc, cobalt, and 
arfenic refufe this union. 

Bifmuth, fufed with gold, renders it eager, and com- 
municates to it its own colour. It does not render filver (o 
brittle as gold : it dimmifhes the red colour of copper, but 
is deprived of its own colour by uniting with lead ; the 
two metals, in this cafe, forming an alloy of a dark grey 
colour. When bifmuth is mixed in a fmall proportion 
with tin, it gives it a greater degree of brilliancy and hard- 
nefa. It may be united with iron by a violent heat. 

Bifmuth amalgamates with mercury, and forms a fluid 
alloy ; a circumftance which has induced certain unprin- 
cipled druggifls to mix it with that metal. The fraud may 
be known from the mercury being lefs fluid than before, 
and no other tell is neceffary than to didblve the mixture in 
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pint of nitre ; for the bifmuth will be precipitated by th 
ade&tioft of water. 

This property, however, of amalgamating completely 
V/ith mercury, may caufe it to be applied with advantage 
in the filvering of glaffes, by an amalgam of tin, bifmuth 
snd mercury. This is, perhaps, the circumflance which 
has obtained it the name of tin-glafs. 

The fufible alloy of Mr. Darcet is a mixture of ei<mt 
parts of bifmuth, five of lead, and three of tin. It melts 
in water at the feventy-third degree of Reaumur, and 
flows like mercury. 



CHAPTER V. 
Concerning Antimony. 

ANTIMONY is a femi-metal which has Angularly 
engaged the attention of alchemids. They confidered it 
as the bafis of their great work ; and it is defcribed in 
their wri tings under the names of the Radical Principle of 
Metals, Sacred Lead, &c. 

This femi-metal is famous for the difputes which were 
maintained concerning it, at the beginning of the fixteenth 
century. It was prohibited by a decree of parliament, at 
the folicitation of the faculty of Paris. Poumier of Caen, 
a ikilful phyfician and chehaft, was degraded by the Faculty 
of Medicine, for having employed it in 1609. 

This fame prpfcribed metal was re-eflabliihed in 1624; 
•and at prefent affords the mod powerful remedies polfelfed 
by the medical art, 

Bazilius Valentinns, a zealous partizan of antimony, 
pleaded its caufe with much warmth and enthufiafm, in 
a work entitled Gurrus Triumphalis Antimonii : and Lc 
mery has written a large volume to decry the preparations 
cf this icmi-metal. 

Ac this Jubilance afforded employment for a long time 

to the alchemifts, its iludy is rendered particularly difficult 

l^e mdtiplklty of preparations, and the barbarous names 



Arfenkal Ore of Antimony 3°7 

which have been given to them, and to the variety of procef- 
fes. But by confounding preparations of the fame nature - 9 
by bringing the analogous products together, rejecting at 
the fame time the numerous lift of barbarous names which 
have been beftowed on one and the fame thing ; and by 
reducing the proceffes to that fimplicity of which the well- 
known preparations are fufceptible ; we may fucceed in 
forming an accurate and precife idea of the nature and 
properties of this metal. 

Antimony is found in the bowels of the earth, in four 
different ftates. 

i. In the metallic form. 

i. Combined with arfenic. 

3. Mineralized with fulphur. 

4. In the ftate of oxide. 

1. Some authors pretend that antimony in the metallic 
ftate was difcovered in the year 1748, by Ant. Swab, in 
the mine of Sahlburg, in Sweden. Swab affirms that it 
has the colour of filver, that its texture is formed of large 
brilliant plates, and that it eafily amalgamates with mercury. 
Cronftedt, Wallerius, Linnaeus, and Cartheufer, do not 
hefitate to admit of native antimony; but Lehman, Jufti, 
and Vogel deny its exiftence : and Mr. De Lifle thinks 
that this pretended regulus is nothing but the white arfe- 
nicai ore of antimony. The abbe Mongez affirms that he 
has difcovered native antimony at Allemont in Dauphiny. 
It is the fame ore which Mr. Sage has defcribed under the 
name of the Arfenicai Ore of Antimony. 

If this native Antimony really exifts, it is probably 
cryftallized like the metal itfelf, which is known to us, and 
whofe cryflals are either o&ahedrons inferted one in the 
other, or cubes placed one upon each other flantwife. 

2. The arfenicai ore of antimony may be confidered as 
a true regulus by thofe who, after Bergmann, do not 
admit of arfenic as a mineralizer : for the ore is then con- 
fidered as an alloy of the two reguli. 

This ore is as white as filver, and exhibits large facets 
like antimony. The fpecimen was fent from Allemont in 
Dauphiny, to Mr. Sage. Its gangue is quartz. Small 
fafces of the grey and red ores of antimony ftriated and 
radiated, and not containing arfenic, are fometimes found 
in the cavities of this (tone, 
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The antimony and the arfenic exift in the metallic ftate 
jn this ore. The arfenic adheres fo ftrongly to the anti- 
mony that it cannot be difengaged by torrefaclion. Mr. 
§age combined the ore v/ith fulphur, and obtained orpi- 
ment and realgar. This mineralogift has concluded, from 
his analyfes, that the arfenic exifted in the proportion of 
frxteen pounds in the hundred. 

3. Antimony is ufually mineralized by fulphur, in which 
combination it exhibits three or four very diflinct varieties. 
It is fometimes cryflallized of a grey colour inclining to 
blue. The cryftals are very frequently {lender, oblong, 
hexahedral prifms, terminated by tetrahedral pyramids. 
The mines which are wrought in Auvergne afford us beau- 
tiful prifms, of the fame geometrical form, but thicker 
than thofe of the antimony of Hungary. Thefe laft cryf- 
tals foon become of an irifed colour; but thofc of the mines 
of Auvergne are not fo fpeedily changed. I poffefs a large 
fpecimen of antimony from the neighbourhood of Alais, 
which is entirely covered with cryftals perfectly fimilar to 
thofe of Hungary. It frequently happens that thefe cryf- 
tals are confuted and indiftincl, in which cafe the ore 
appears to be formed of very {lender prifms applied 
fidewifc to each other. That which is called plumofe 
antimony does not differ from thefe varieties, excepting 
that its ciyflals are very {lender and detached. They 
arc ufually of a blackilli grey. This variety has been 
arranged among the ores of filver, becaufe for the molt 
part it contains that metal. 

Ores of antimony have been found in feveral parts of 
France ; but our province of Languedoc exhibits very curi- 
ous ipecimens. We have them at Malbos in the county of 
Alais. This mineral has been wrought in the diocefe of 
Uzes; but the want of confumption has prevented the 
works from going on with fpirit. Mr. De Genfanue has 
obferved in Vivarais a large vein of ore of antimony in a 
ilratum of pit-coal. 

The decompofition of the fulphureous ore of antimony 
produces the red antimonial ore. The red ore more efpe- 
cially accompanies the fpecular antimony of Tufcany. Its 
furfaces appear to be corroded or rendered carious by 
decompofition; and when a piece is broken, it emits a 
-r which has the properties of kermcE. 
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' The decompofition of fulphureous antimony likewife 
produces the fulphate of antimony. Some varieties of 
thefe antimonial decompositions may likewife be feen in the 
Analyfe Chimique of Mr. Sage. 

Antimony is found in two dates in the courfe of trade; 
namely, in the form of crude antimony, and in the metal- 
lic form. i 

Crude antimony is nothing elfe but the fulphureous ore 
of antimony cleared of its gangue. For this purpofe the 
ore is put into pots pierced at the bottom, and difpofed 
upon other pots buried in the earth. The uppermoft pots 
which contain the mineral are then heated; the antimony 
becomes fufed, and flows, together with its fulphur, into 
the lower vefTels, while the gangue remains in the upper 
pots. 

As the mixture of antimony, and fulphur is very fufible, 
this procefs may be varied in a thoufand ways. I have 
myfelf wrought an antimonial ore with the greateit ceco- 
nomy, by fufing it in a furnace, over the arch of which I 
had difpofed the ore broken into pieces of five or fix pounds 
weight each. The heat was communicated to the whole 
mafs by five openings in the arch or roof; and the anti- 
mony, as it melted, ran down on the cutfide of the furnace 
by means of channels cut in the convex part of the dome. 
This method afforded forty quintals of antimony in twenty- 
feven hours, by the confumption of between twenty and 
thirty quintals of combuflible matter. 

We are acquainted with two methods of depriving crude 
antimony of its fulphur. i. The flow and gradual calci- 
nation of the ore, which affords a grey oxide, and this 
urged by a violent heat is converted into a reddiih and 
partly tranfparent glafs of antimony. It does not afTume. 
this tranfparence unlefs it has been perfectly fufed. The 
glafs of antimony is a violent corrofive, but is capable of 
being corrected by mixing or kneading it with yellow wax, 
and afterwards burning of the wax; or othevwife by tritu- 
rating it with a volatile oil. This is the ccra ; :ed antimony 
of Pliable, fo much extolled in dyfenteries. 2. Or other- 
Wife, the antimony may be deprived of its fulphur by pro- 
jecting into an ignited crucible a mix : parts of 
crude antimony, fix of tartar, . af nitre. By 
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keeping this mixture for a certain time in fufion, the anti- 
mony is obtained in the metallic ilate. 

In the large works antimony is torrefied in an oven 
refembling that of the bakers. Fifty pounds of dried wine 
lees or tartar are mixed with a hundred pounds of the 
oxide of antimony, and the mixture is then fufed in proper 
crucibles. The metallic button contains the form of the 
crucible; and thefe loaves of antimony exhibit a ftar on 
their upper furface, which has been confidered as peculi- 
arly chara&eriftic ; but is in fact nothing more than a con- 
fufed cryftallization formed by octahedrons inferted one 
in the other. 

Copper, filver, and iron, when fufed with the fulphure 
of antimony, feize its fulphur, and reduce it to the flate of 
regulus. This has been diftinguifhed by the name of the 
metal employed. Thus we hear of the regulus of Mars, 
of Venus, &c. 

Antimony is difficult of fufion; but when once melted, 
it emits a white fume known by the name of Argentine 
Snow, or Flowers of Antimony. Thefe fumes, when 
collected, form very brilliant prifmatic tetrahedral cryftals: 
Mr. Pelletier has obtained them in tranfparent octahedrons. 
The argentine flowers of antimony are foluble in water, 
which they render emetic. The volatility and folubility of 
this fublimed oxide exhibit a refemblance with the oxide of 
arfenic before treated of. We are indebted to Rouelle 
for thefe obfervations on the properties of this antimonial 
oxide. 

Antimony is very (lightly changed by expofure to air, 
in which it long preferves its brilliancy. 

The fpecific gravity of fufed antimony is 6,7021. — See 
BrifTon. 

The fulphuric acid, by flow ebullition upon this metal, 
is partly decompofed. Sulphureous gas firfl efcapes, and 
fulphur itfelf is fublimed towards the end. When four 
parts of the acid are ufed with one of the antimony, the 
refidue, after the action of the acid, confiils of the metallic 
oxide, with a fmall quantity of the fulpkate of antimony, 
which may be feparated by means of diflilled water. This 
fulphate is very deliquefcent, and is eafily decompofed in 
the fire. 
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The nitric acid is decompofed upon this femi-metal with 
great Facility. It oxides a confiderable part, and diflblves 
a portion, which may be fufpended in water, and forms a 
very deliqaefcent fait, decompofable by heat. The oxide 
prepared by this means is very white, and very difficult of 
reduction. It is a truebezoar mineral. 

The muriatic acid acts upon antimony only by a long 
digeftion. Mr. Fourcroy has obferved that this acid, long 
digefted upon the metal, diflblves it; and that the muriate 
of antimony, obtained by a ftrong evaporation in the form 
of fmall needles, is very deliquefcent. It is fufible in the 
fire, and likewife volatile. Mr. Monnet has proved that 
twelve grains of the oxide of antimony are fuflicient to fatu- 
rate half an ounce of the ordinary muriatic acid. Meflrs. 
Monnet and De Fourcroy have always found that there is 
a portion of the muriate of antimony which is not volatilized 
by the fire: this depends upon its being itrongly oxided 
or cakined. 

If two parts of the corrofive muriate of mercury, and 
one of antimony, be diftilled together, a very flight degree 
of heat drives over a butyraceous matter, which is called 
butter of antimony, or the fublimed muriate of antimony. 
It may be prefumed that the acid in this compofition is in 
the (late of oxigenated muriatic acid, as it is in the corro- 
five fublimate. 

The fublimed muriate of antimony becomes fluid by a 
very gentle heat; and by virtue of this property it may 
conveniently be poured from one veifel to another: for 
nothing more is neceifary than to plunge the bottle which 
contains it into hot water, and the muriate may then be 
poured cut in its liquid (late. 

I have feveral times obferved this muriate of antimony 
cryftallized in hexahedral prifms with dihedral fummits : 
two fides of the prifm are inclined, and form that which 
the ancient chemifts diflinguimed by the name of cryftais 
in the form of a tomb. This muriate is ufed as an efcha- 
rotic. When the fait is diluted with water, a white powder 
falls down, called powder of 8%arotfi, or mercurius vitse. 
This powder does not contain an atom of the muriatic acid, 
and is merely an oxide of antimony produced by that 

Zz 
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Simple water has fome action upon this femi-metal ; for 
we find that it becomes purgative by remaining in contact 
with it. Wine, and the acetous acid, completely diffolve it : 
"but the emetic wine is an uncertain remedy; becaufe it is 
impoffible to determine with abfolute certainty the degree 
of its energy, which depends upon the very variable degree 
of acidity of the wine made ui'e of. The emetic wine ought 
pet therefore to be ufed but in external applications. 

The gaftric fluids hkewife difToIve this femi-metal, as is 
proved by the famous perpetual pills. This purgative has 
been diilinguilhed by the name of Perpetual Pills; becaufe, 
being very little alterable, the pill may be tranfmitted 
from generation to generation. 

The acid of tartar forms a very well known fait with 
antimony, which is much employed in medicine under the 
name of Emetic Tartar, Stibiated Tartar, or limply Emetic. 
It is this fait which, in the New Nomenclature, is diftin- 
guiihed by the name of Antimoniated Tartrite of Pot-afh. 

In the examination of the various authors who have 
treated of the preparations of this remedy, as well as by 
comparing the mod celebrated difpenfatories, we do not 
find two which propofe an uniform procefs which is con- 
flant and invariable in its effects. 

Some prefcribe the crocus metallorum, or femi-vitreous 
oxide of fnlphurated antimony; others the glafs of anti- 
mony; others the liver of antimony, or fulphurated Oxide of 
antimony; and others the fublimed oxide: fome combine 
{? veral of thefe fubfhnces. But all in general adopt cream 
of tartar, or the acidulous tartrite of pot-aih, as a folvent. 
- The procefTes vary not only in the choice of the fubftances 
to be made ufe of, but even in the proportions in which they 
are to be employed. We likewifc find varieties in the quafik 
tity of water ufed as a vehicle, which is not an indiiferent 
circumfiance; in the time pre feribed to digeft the iubffances 
together, a circumffance of the greateft confequence to be 1 
sfcertained, becaufe the faturation of the acid depends 
abfolutely and effentially upon it- The choice of veikls 
mud. likewifc influence the effect of this remedy. Hoffmann 
has affirmed that the emetic loft its effect by a long ebul- 
lition ; and Mr. Baume has proved that iron precipitates 
the antimony after a time, and coiifequentfy that the iron 
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velTels prefcribed in certain difpenfatories ought to be 
rejected. 

This variety in the proceffes mud neceffarily influence 
the refult ; and we cannot be much furprifed that Geoffroy, 
who analyfed feveral antimoniated tartrites of pot-aih s 
fhould have found from thirty grains to two gros and ten 
grains of metal in the ounce of this fait. 

Is it not therefore of great confequence to prefcribe a 
uniform procefs, whofe produft fhould be invariable ? 
Thefe heroic remedies, which operate in fmall dofes, ought 
to produce conftant and invariable effects through all 
Europe. It would be much more advantageous that folemn 
proceedings fhould be made for the preparation of thefe 
active remedies, than for the compofition of the theriaca, 
a true pharmaceutic moniter, the dole of which may with 
impunity be varied from a few grains up to three hundred. 
It follows, from the variety of the effects of thefe fovereign, 
remedies, that confutations become almofl ineffectual ; 
becaufe the phyfician prefcribes according to the effects of 
the remedies he is in the habit of ufing : and the. art of 
medicine becomes no better than a difcouraging alterna- 
tive of fuccefs and difappointment. 

At Montpellier, the emetic acts in a dofe of one or two 
grains ; but in other places it does not operate in a lefs 
dofe than ten or twelve : and the ftibiated tartar fold by 
thofe wholefale dealers in medicine, who fupply the coun- 
try apothecaries, is ufuaily nothing" but the fulphate of 
pot-afh, or vitriolatcd tartar moiltened with a folution of 
emetic. It is a thing greatly to be defired, that govern- 
ment, which does not apply its (lamp of approbation to 
objects of luxury until they have paiTed a rigid infection, 
mould prohibit traders from circulating with impunity, 
products upon which the health of the citizen fo elTentially" 
depends. Thefe are the frauds and deceptions which have 
engaged me to form an eltabiiihraent of -chemical products, ■ 
in which intelligence and probity prefide over all its opera- 
tions ; and I have fucceeded in my laboratories fo far as to 
conduct the proceiTes with fufficient oeconomy to afford 
products faithfully made up, and invariable in their effects,, 
at the fame price as thofe fophiiticated drugs with which 
the public has hitherto been pbifoned. 
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The mod accurate procefs for making an excellent- 
emetic conflfts in taking very tranfparent glafs of antimony, 
grinding it fine, and boiling it in water, with an equal 
weight of cream of tartar, until this fait is faturated. By 
filtration, and evaporation with a gentle heat, and fubfe- 
quent' repofe, cryitals of the antimoniated tartrite of pot- 
ato are obtained, whofe degree of emeticity appears to be 
fufriciently conftant. The cryitals may be obtained in 
feveral fuccefiive produces by repeated evaporations. 

Macquer propofed the powder of algaroth, as more 
uniform in its power. MefTrs. De LafTone and Durande 
have adopted the opinion of Macquer ; and the celebrated 
Bergmann has followed the ideas of the French chemifts, 
with a few flight modifications. 

Take five ounces of cream of tartar reduced into powder, 
and two ounces two gros of the powder of algaroth preci- 
pitated by hot water, waflied and dried. Add water to 
thefe, and boil them gently. By filtration and evapora- 
tion the cryftals of emetic tartar are obtained ; which may 
be given in the dofe of three grains, without fatiguing 
the ftomach or inteftines. 

The antimoniated tratrite of pot-ato cryltallizes in tribe* 
dral pyramids. Xc is very tranfparent, is decompofed on 
the fire with crackling, and leaves a coaly refidue. Sixty 
parts of water diffolve it. It efflorefces in the air, and 

- becomes farinaceous. The folutions of this fait throw 
■ down a mucilage, which fixes, and forms a pellicle of 

- considerable thicknefs : it is the mucilage of cream of 
tartar, which is infoluble in water, and partly foluble in 
r.lcohol. The fulphuric acid blackens it, but does not 

• i'tfelf become coloured till after a long time. The nitric 
acid diffolves it partly, and is itfclf decompofed, with the 
emiftion of much nitrous gas. 

The alkalis and lime decompofe the antimoniated tar- 

- trite of pot-ato. Antimony, properly mixed with the 
iYitrate, decompofes that fait completely. Equal parts of 
the femi-metal and nitre being thrown into an ignited 

- crucible, the fait detonates, its acid is decompoic d ; and 
at the end of the operation the crucible is found to contain 

' the alkali which ferved as the bafe of the nitrate, and the 
. antimony reduced to the ftate of white oxide : ;tbis is called 
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Piaphoretic Antimony. The fame preparation may be 
made by ufmg the fulphure of antimony ; in which cafe 
three parts of the nitrate are ufed to one of the crude 
antimony. The refidue in the crucible, after the detona- 
tion, is compofed of the Oxide of antimony, fixed alkali, 
a portion of the nitrate not decompofed, and a imall quan- 
tity of fulphate of pot-afh. This compound is dill known 
by the name of the Solvent of Rotrou. Water deprives 
it of all the falts it contains; and leaves only the oxide of 
antimony, which is called Warned Diaphoretic Antimony. 
If a fmall quantity of acid be poured on the fluid which 
holds the falts in folution, a fmall portion of the oxide of 
antimony falls down, which was diifolved by the alkali of 
the nitre. The precipitate forms the cerufe of antimony, 
or the pearly matter of Kerkringius. 

Equal parts of the fulphure of antimony and of nitrate, 
detonated in an ignited crucible, form the liver of antimony 
or fulphurated oxide of antimony; which, when pulve- 
rized and waihedj produces the faifron of metals, or crocus 
- metailorum. 

The oxides of antimony have been confidered as very 
difficult of reduction; and it was not without furprize that 
I at firft obferved the facility with which they are all redu- 
cible by the black flux. This prejudice was eftabliihed 
and propagated for want of proper experiments. 

The alkalis do not fenfibly aft upon antimony*, but the 
fulphures of alkali diiTolve it completely; and it is upon 
this principle that an operation is founded by which we 
obtain a valuable remedy, known by the name of Kermes 
Mineral, to diftinguiih it from the vegetable kermes ufed 
in dying. The preparation is limply a red fulphurated 
oxide of antimony. This remedy, firft pointed out by 
Glauber, who made it with antimony and the folution of 
nitre fixed by charcoal, is indebted for its celebrity to the 
wonderful cures it performed in the hands of Simon, a 
Chartreux friar; whence it obtained the name of the Pow- 
der of the Chartreux. This religious man obtained the 
ccmpofition from a furgeon named Laligerie, to whom it 
had been given by Mr. Chaftenay, lieutenant at Landau. 
Mr. Dodart, firft phyfician to the king, bought the fecret 
ip the year 1720; and Mr, liaiigerje rendered it public. 
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According to his procefs, the pounded fulphure of antimo- 
ny is boiled for two hours, with one fourth of its weight 
of the folution of fixed nitre or pot-afh, in twice its weight 
of very pure water. After ebullition the fluid is filtered; 
the kermes falls down as it cools, and is afterwards dried. 
Laligerie dire£ts that more of the folution of fixed nitre be 
digested on the metal, till.it is completely diffolved. Lali- 
gerie burned fpirit of wine or brandy upon it. The liquor 
v-hi h remains after the kermes is fallen down, contains- 
more kermes, which may be difengaged by means of an 
acid. This kermes, which is paler than the former, is 
known by the name of Golden Sulphur of Antimony, or 
or the orange-coloured fulphurated oxide of antimony. 

This procefs is no longer ufed. That which fucceeded 
the bed with me, confiils in boiling ten or twelve pounds 
of pure alkaline folution with two pounds of the fulphure 
of antimony. The ebullition is continued for half an hour, 
after which the fluid is filtered ; and much kermes is 
obtained by mere cooling. I digeft new alkali on the anti- 
mony, until it is confumed. The kermes which I obtain 
by this means is of a beautiful tufted appearance. 

GeoiFroy, who analyfed the kermes in 1734 and 1735, 
found that one gros of kermes contained from fixteen to 
feventeen grains of antimony, from thirteen to fourteen 
grains of alkali, and from forty to forty-one of fulphur. 
But Meflrs. Baume, Deyeux, de la Rochefoucauld, and 
De Fourcroy, are not convinced that the wafhed kermes 
contains an atom of alkali which is not neceffary to its 
?ir¥i e^. 

Kermes is likewife one of thofe remedies in the prepa- 
ration of which the greater! care ought to be taken. It is 
neverthelefs' a fubftance which all the apothecaries in the 
country buy at the fair of Beaucaire ; and the analyfis 
which I have feveral times made of this kermes, has con- 
vinced me that it very % often is nothing elfe but pounded 
brick, mixed with vegetable kermes, and fprinkled with 
a flrong folution of emetic tartar. I have found fome 
which was merely a mixture of the fine brown red and 
the calx of antimony. 

Lime and lime-water, digefled upon pulverized anti- 
mony, afford, even in the cold, at the ' end of a certain 
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time, a kind of kermes, or golden fulphur, of a beautiful 
red colour. 

Antimony enters into the compofition of printers types. 
It is likewife mixed with tin to increafe its hardnefs. It was 
formerly ufed as a purgative : for this purpofe it was made 
into cups, in which water or wine was fuffered^ to Hand 
for a night, and taken by the patient the following day. 

The fulphure of antimony is ufed as a fudorific in ikin 
diforders. For this purpofe it is tied in a cloth, and 
digefted in the ptifans appropriated to thefe diforders. It 
is adminiftered in pills for the fame purpofe. 

The folvent of Rotrou has been much ufed to diiypate 
lymphatic concretions, and pituitous fweilings. 

Waflied diaphoretic antimony is ufed in confiderable 
dofes to excite perforation. Some phyficians have consi- 
dered it as a medicine void of effect; and Boerhaave has 
maintained that its effect is not more confiderable than that 
of Lemnian earth. 

The kermes mineral is one of the moil valuable medi:ines 
that the healing art is acquainted with. It is incifive; and 
may be adminiftered in all pituitous cafes, when the ftomach 
fails, and the lungs are obitru&ed. In a more confiderable 
dofe it is fudorific, and a ftill larger portion is emetic. It 
is employed in the dofe of from half a grain to three. 

The tartar emetic has received its name from its ufes. 
It is diffolved in water; and this folution produces its effect.. 
The liver of antimony, crude antimony, and the crocus 
metallorum, are more efpecially ufed as purgatives in the 
veterinarian practice. They are given to horfes in the 
dofe of about an ounce. 



CHAPTER VI f 

Concerning Zinc. 



ZjNC is a metallic fubftance of a blueiih brilliant 
white colour/ V*ery difficultly reducible into powder, but 
capable of being extended into very thin plates by \ 

and gradual preffure of the flatting mill. From ; 
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property, which has peen proved by Mr. Sage, we may 
confider zinc as the intermediate fubflance between femi- 
metals and metals. 

Zinc is found naturally in various flates. 

i. Cronftedt affirms that hefaw a radiated cryflallixation 
of a metallic appearance, which is found at Schneeburg, 
where it is called flowers of bifmuth, but which he found 
to be the regulus of zinc. This celebrated mineralogift 
does not venture to pronounce that it is native zinc. 

Mr. Bomare affirms that he found it in fmall pieces in 
the mines of lapis calaminai is in the duchy of Limbourg, 
and in the zinc mines of Goilar. This regulus may have, 
arifen from the fcorise cf furnaces, or from the ancient 
works ; (o that the exiilecce of native zinc is Hill conn* 
dered as very doubtful by thefe mineralogies. 

2. Zinc is ufually minerallized by fulphur, forming au? 
ore known by the name of Blende, which in German. 
lignifies blinding or deceitful; a name which may have 
been given to it becaufe fuch diftri&s as abound with this 
mineral are barren of other ores. 

The determinate cryftallization of blende appears to be 
the alumini-form octahedron, and fometimes the tetrahe- 
dron ; but the modification of thefe primitive forms are fo 
numerous, that the cryflals are found in an ailoniihing 
variety of figures. Mod commonly they are polyhedral 
cryflals of an indeterminate form, or fcarcely capable of 
being defcribed. On this circumflance depend the denomi- 
nations of Blende with Large or Small Plates, Striated 
Blende, Compact Blende, and other fpecies, which may 
be feen in the works of MelTrs. Sage, De Lifle, Szc. 

The colour of thefe blendes is infinitely various; they 
are found yellow, red, black, femi-tranfparent, &c. 

All the blendes emit an hepatic fmeli when grated or 
triturated. 

There is a kind of blende which exhibits a line 
phoric flame when fcratched with a knife, or even 
tooth-pick. Mr. De Bournon found this > 
parent, and phofphoric blende, fimilar to ~'n?.: cf Scharf- 
fenburg, at Maronne in the mountains of Qifan, at 
diflance of nine leagues from Grenoble. The phofph- 
blende contains fcarcely, any iron. 
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To make the allay of a blende, Mr. Monnet advifes 
folution of the ore in aqua foriis. The acid unites with the 
metal, and feparates the fulphur: after which the oxicfe 
of zinc may be obtained by diililling off the acid; and this 
may be reduced. Bergmann obtains one part of the ful- 
phur cf thefe ores by distillation, diffolves the refidue in 
acids, and precipitates the metal from its folutions. Mr. 
Sage diftils blende with three parts of fulphuric acid : the 
fulphur fublimes by this operation ; and the refidue in the 
retort is the fulphate of zinc, mixed with a fmall quantity 
of fulpliate of iron, and other fubfuances mixed with the 
zinc. I do not know any country where blende is wrought 
to obtain the zinc : but it is fometimes mixed with lead ; 
and in the Working of this laft metal the former is occalion- 
ally obtained. Such is the ore worked at Rammeliburg 
near Goflar, in the lower Hartz. Great part of the zinc 
is dimpated during the fufion of the lead ore ; but a portion 
of this metal is obtained by a very ingenious procefs. Care 
is taken to keep the anterior part of the furnace cool ; 
againfl which a (tone is placed with a flight degree of incli- 
nation. The vapours of the zinc which are carried againfl: 
this (tone, are condenfed, and fall in drops into powder of 
charcoal; with which a done placed at the bottom is 
covered. The femi-metal is defended from oxidation by- 
means of the charcoal ; and it is afterwards fufed, and 
cafl: into convenient forms. 

This zinc is always united with a fmall quantity of leaef: 
and is lefs pure than that which comes to us from India, 
under the name of Tutenag. 

I ftrongly calcined the blende of St. Sauveur, and mixed 
the powder with charcoal. I then put the whole into a 
retort whofe orifice was plunged beneath water ; and by 
a violent heat, kept up for two hours, I obtained much 
zinc, which fell to the bottom of the water. 

3. The decompofition of blende gives rife to the forma- 
tion of the fulphate of zinc. The operation of nature is 
flow, but art has fupplied its defecl. All the fulphate of 
zinc which is met with in commerce, is prepared at Ram- 
melfburg. For this pnrpofe, after having rcafted the galena 
mixed with the blende, it is thrown ignited into citterns 
full cf water, where it is Ith for twenty-four hcurs. The 
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roafted mineral is three times extinguifhed in the fame 
water ; after which the lixivium is evaporated, and put into 
coolers. At the end of fifteen clays the water is decanted, in 
order to feparate the cryflals of the fulphate of zinc. Thcfe 
cryflals are afterwards fufed in iron veifels ; and the liquor 
is poured into coolers, where it is flirred till it congeals. 
We ilia.ll examine the properties of this fait in due 
eourfe f 

4. Zinc is likewife found in the ftate of oxide ; and it 
appears to me that nature makes ufe of two means of con- 
verting the metal to this ftate. 1. The fulphur is fometimeS 
difftpated without the production of fulphate : in which 
cafe it is replaced by the oxigenous gas, and the refnlt h 
that oxide of zinc which is known by the name of Lapis 
Calaminaris. I have found flraia of lapis calaminaris, at 
St. Sauveur, intermixed with layers of blende; and the 
tranfition of the blende to the flate of lapis calaminaris may? 
be followed in the moft interefiing manner. 2. The fuL 
phate of zine produced by the decompofkion of bit nde ia 
certain circumflances, is itfelf deco-: 7 cvlcaieous 

ffones. In the rich collections of Meffrsi, ): Liile, 

&c. we fee cryflals of calcareous fpar converted into cala- 
mine at one end, and calcareous at the other. 

Calamine cryflallizes in rhomboidal tetruhedral prifms, 
or in hexahedral pyramids. 

It is fometimes covered with protuberances ; often has 
the appearance of being worm-eaten ; and is, at other 
times, either fpongy or compact. 

Its colour varies greatly. The county of Somerfei 
affords it of white, green, and other colours. 

To make a good analyfis of calamine, Bcrgmann advifes 
folution in the fulphuric acid; he obtains the fulphates 
ef iron and of zinc. That of iron is decompofed by a 
known weight of zinc ; and the metal is afterwards preci* 
pirated by the carbonate of foda. He ha -ined that 

ninety-three grains of this precipitate are equivalent to one 
hundred grains of zinc : and from this weight he 
that of the zinc made ufe of to precipitate 1 

Zinc may be obtained from calamine by dill;!! 
For this piv.-pofe I have ufed the I '. eels as Jha 

been mentioned in treating of blende. 
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Zinc yields beneath the hammer, without extending 
itfelf. If ic be call: into fmall plates, it may then be lami- 
nated, and reduced into very thin and very flexible leaves. 

The fpecifi ~. gravity of fufed zinc is 7,1908. See Briffon. 

Zinc, when heated, may be eafily pulverized. This ope- 
ration is very difficult without this precaution indicated by 
Ma quer; for it Wears and choaks up files, and deft-rays 
them in a fhocjt time: befides which, they have no consi- 
derable action upon it. It may likewife be fufed and 
poured into water. — Thefe are the mod convenient means 
of pulverizing it. 

Zinc, treated in clofe veiTels, fublimes without decompa- 
ction : but when it is calcined in the open air, it becomes 
covered with a grey powder, which is a true oxide ; and, 
if it be heated to rednefs, it takes fire, emits a blue flame* 
and white flocks iflue from it, which are called Philofophicil 
Wool, Pompholix, or Nihil Album. This oxide may be 
fufed into glafs by an exceedingly violent heat : the glafs 
is o^ a beautiful yellow colour. Zinc laminated into very 
thin leaves, takes fire by the flame of a taper, and burns 
With 'a blue colour mixed with green. 

Mr. De Laflbne, who has written feveral excellent Me- 
moirs on zinc, coniiders it as a kind of metallic phofphorus. 

Water appears to have fome action upon zinc. When 
this femi-metal begins to be ignited, if water be poured on 
it, the fluid is decompofed, and much hydrogenous gas is 
difengaged. Meffrs. Lavohier and Meuifner have afcer- 
tai.ned this fact, in their fine experiments on the decompo- 
sition of water. 

.Sulphuric acid diiiblves it in the cold, and produces 
much hydrogenous gas. A fait may be obtained by eva- 
poration, in tetrahedral prifmatic cryfrais, terminated by a 
four-fided pyramid. Mr. Bucquet has obferyed that thefe 
prifms are rhomboidal. This fait is known by the .name 
of Vitriol of Zinc, White Vitriol, Sulphate of Zinc : its 
tafte is confiderably flyptic. It is not much altered by ex.'- 
pofure to air when pure ; but fuffers its acid to efcape, at a 
degree of heat lefs than is required by the Ajbhare of iron. 
The nitric acid attacks zinc with vehemence, even when 
diluted with water. In this operation a great part of the 
acid is decompofed ; but if the refidue be concentrated by 
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-flow evaporation, cryfhls are obtained in cofflpreifed Tmd 
ftriate-d tetrahedral prifms, terminated by pyramids with 
four fides. Mr. De Fonrcroy, to whom we are indebted 
■for tbis obffcrvation, adds, tbat the fait melts upon heated 
coals, and fpreads abroad with decrepitation, and a fmall 
reddifii flame, If it be expofed to heat in a crucible, it 
emits red vapours, affumes the confidence of a jelly, and 
preferves this f ftnefs for a certain time. - The nitrate of 
zinc is very deliquefcent. 

The muriatic acid attacks zinc with effervefcence. Hy- 
drogenous gas is produced, and black flocks are precipi- 
tated, which fome chemifts have taken for fulphur, others 
for iron, and which Mr. De Laflbne confiders as an irre- 
ducible oxide of zinc. This evaporated folution becomes 
thick, and refufes to cryftallize. It fuffers a very concen- 
trated acid to efcape when heated, and the muriate itfelf 
fublimes by diftillation. 

The pure alkalis boiled on zinc obtain a yellow colour, 
and duTolve a part of the metal, as Mr. De Laffone has 
proved. Ammoniac digelled in the cold upon this femi- 
metal, difengages hydrogenous gas : this evidently arifes 
from the decompofition of the water, which alone, and 
without any mixture, is decompofed upon ignited zinc, as 
we have already obferved. 

Zinc mixed with the nitrate of pot-afh, and thrown into 
an ignited crucible, caufes this fait to detonate ftrongly. 

Zinc decompofes the muriate of ammoniac by fimple 
trituration, according to Mr. Monnet. 

Port has obferved that a folution of alum, boiled upon 
the filings of zinc, is decompofed, and affords the fuiphate 
of zinc. 

Zinc fufed with antimony, forms a hard and brittle alloy. 

It unites villi tin and copper, and forms bronze; when 
combined with copper alone, it forms brafs. 

It is mixed with gunpowder, to produce the white and 
brilliant ftars of artificial fire- w T orks. 

It has been propofed to fubflitute this metal in the room 
of tin, for the internal lining of copper veileis ; and it is 
afcertained from the labours of Mr. Malouin, that this cover- 
ing w r ouid be more uniformly extended upon the copper, 
and would be harder than tin. It has been remarked that 
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vegetable acids might diffolve it, and that thefe falts are 
dangerous ; but Mr. de la Planche has made all the expe- 
riments on this fubjett which his extenfive knowledge, and 
zeal for the public good could infpire ; and he is convinced 
that the falts of zinc, taken in a more confiderable dofe 
than the aliments prepared in vefTels tinned with this femi- 
metal might contain, are not dangerous. 

The fublimed oxide of zinc is much employed by the 
German phyficians, under the name of Flowers of Zinc. 
This remedy is given as an antifpafmodic. It may be 
. adminiftered in pills, in- the dofe of one grain. Tutty, 
or pompholix, is mixed with frefh butter, as an excellent 
remedy in diforders of the eyes. 

Mr. De Morveau has mbilituted the precipitate of zinc 
to white lead, with the greateft advantage. It perfectly 
anfwers the intention of the artift, and is not attended with 
any dangerous confequences in its ufe. 



CHAPTER VII. 

Concerning Manganefe. 



A 



MINERAL of a grey or blackifli colour, foil- 
ing the fingers, and ufed in glafs-houfes under the name of 
Soap of the Glafs-makers, has been long known in com- 
merce. Moll naturalifts, fuch as Henckel, Cramer, Gel- 
lert, Cartheufer, and Wallerius, have placed it among the 
iron ores. Pott and Cronftedt did not confider it as a fer- 
ruginous fubftance. The latter found it to contain tin; and 
Mr. Sage was long of opinion that it was an intimate alloy 
of zinc and cobalt. 

The celebrated Bergmann, in the year 1764, declared 
in print, that black manganefe ought to contain a peculiar 
metal ; hut he attempted in vain to extract it. : However, 
Mr. Gahn, a phyfician at Stockholm, fucceeded in obtain- 
ing a metal by the aiTiftance of an exceedingly ftrong fire. 
We mail explain his procefs after having fpoken of the 
different forms under which manganefe is found in the earth. 

Manganefe appears to be always found in the Hate of 
oxide j but this oxide exhibits fevcral varieties. 
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1. It is fometimes grey, brilliant, and cryftallized, form, 
ed of very {lender prifms confufedly intertwined, and refem- 
bling the ore of antimony; from which however it maybe 
eafily difHnguifhed by expofing it upon charcoal. For 
antimony fufes, and affords vapours; but the manganefe 
remains unchanged. 

The cryftals of manganefe are ftriated, tetrahedral, 
rhomboidal prifms, terminating in four-fided pyramids. 
They frequently diverge from a centre. 

2. Manganefe is very often black and friable. This fpe- 
cies is found in the cavities of the brown haematites of the 
Pyrenean Mountains. 

I have difcovered an ore at St. Jean de Gardonenque, 
in the Cevennes. It is prodigioufly light, is found in flrata, 
and in pic:es which almofl always have the figure of aa 
hexahedral prifm, eighteen lines in length, and thirteen or 
fourteen in thicknefs. 

This ore, upon which I have made experiments that I 
fliall prefently recite, is the pureft and- fin-eft I am acquaint- 
ed with. 

3. Manganefe is fometimes of a reddifh white colour, 
and crnpoied of groups of protuberances. Its fracture is 
I Jhued. That of Piedmont frequently has a grey, 

lifh tinge, and appears to be compofed of fmall plates. 
It gives fire with the fleel. 

The manganefe of Macon in Burgundy is of a deeper 
grey than that of Piedmont. 

That of Perigueux is intermixed with yellow martial 
ochre. It is found in feparate bodies, and not in veins likg 
that of Piedmont. 

4. l.loit of the white fpathcfe iron ores contain mar 
fcefe, and may be confidered as ores of this femi^naetali 
Manganefe is likewife mixed with calcareous fpar, gypfum, 
jafper, haematites, &c. Mr. De la Peyronie has dcfcribed 
thirteen varieties of cryftallized manganefe found in the 
Pyrenean Mountains. — See the Journal de Phynque, Jan. 
1780, p. 6y. 

5. SJieelc has proved that the afhes of vegetables con- 
tain manganefe; and it is to this mineral that the colour of 
calcined pot-afli is owing. To extract it, three parts of fixed 
alkaii s one of lifted afhes, and one-eighth of nitrate, muft 
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be fufed together. The fluid mixture nrmft then be pour- 
ed into an iron mortar, where it congeals into a greenifh 
mufs. This being pounded, and boiled in pure water, 
mint be filtrated, and (aturated with fulphuric acid, it 
the end of a certain time, a brown powder is depofitedj 
which pofTefTes the properties of manganefe. 

To reduce manganefe to the metallic frate, a crucible is! 
lined with charcoal; and into a hole made in this charco.d, 
a ball of manganefe, previoufiy kneaded with oil and gum 
ammoniac, is to be put; after which the hole is to be 
covered with powder of charcoal. Another crucible mull: 
then be fitted on, and the vefiels expofed to a violent fire 
for an hour and a half. By following this procefs, I have 
feveral times obtained the meial from the oxide of manga- 
nefe of Cevennes. I have even fucceeded in reducing it, 
by fimply putting the powder of manganefe into a lined 
crucible. 

The button which is obtained almoft always has afperi- 
ties on its furface. Globules appear which fcarcely adhere 
to the mafs; and thefe portions are ufually of a considerably 
deep green, while the internal part has a blueifli caft. 

This metal is more infufible than iron. I have feveral 
times obferved, when the fire has not been fufiiciently 
ftrong to f ufe the manganefe, that feveral globules of iron 
have appeared difperfed through the agglutinated oxide. 

Saline fluxes ought to be rejected, as infufficient for this 
reduction. The great difpofition which this femi-metal 
has to become vitrified, caufes it to be difperfed in the flux s 
where it remains fufpended. I have ieverai times, by 
ufmg the vitreous flux of Mr. De Morveau, obtained me- 
tallic grains forming a button, or elie difperfed in the flux; 
which, when more narrowly examined, proved to-be nothing 
but iron, cobalt, or other metals, according to the nature 
of the ore of manganefe. I have fo me times obtained even 
ales or lead ; becaufe the coarfeft gflafs in which the 
prcfence of that metal is the lead fufpeaed, and which 
s into the compolltion of the flux of Mr. De Morveau, 
It very often. 
Specific gravity of ma has been efli mated by 

in, in propc- of water. 

tO LjjQO. 
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The oxide of manganefe, when ftrongly heated in clofe 
veifels, affords a prodigious quantity of oxigenous gas, and 
begins to afford it at a degree of heat lefs than is ncceffary 
to difengage it from the oxides of mercury: a flrong fire is 
required to difengage the lalt portions. Four ounces of 
the manganefe of Cevennes afforded me nine pints of oxi- 
genous gas. The refidUe in the retort was a grey oxide; 
one part of which was incrufted in the fufed glafs, and had 
communicated to it a very rich violet colour. 

The oxide of manganefe, diftilled With charcoal, affords 
the carbonic acid: but, if it be calcined in ah open veffel, 
it is reduced into a grey powder, which lofes confiderably 
of its weight when the fire is very flrong; and at length 
agglutinates, and forms a green mafs. 

If it be mixed with charcoal, it does not fuffer any per- 
ceptible change in its colour. 

Manganefe, expofed to a very violent heat, vitrifies, and 
affords a glafs of an obfeure yellow colour. The iron 
which is mixed with it preferves its metallic form. 

Manganefe is eafily changed in the air, and is refolved 
into a brown powder of a greater weight than the femi-me- 
tal itfelf ; a certain proof of oxidation. 

Manganefe unites eafily by fufion with all the metals 
except pure mercury. Copper alloyed with a certain 
quantity of manganefe is full very malleable. 

If a mixture of the phofphate of urine with a fmall quan- 
tity of oxide of manganefe be placed upon charcoal, and 
be kept in fufion for a few inftants by means of the blue 
interior flame of the blow-pipe, a tranfparent glafs will be 
produced, of a blue colour inclining to red; which, when 
charged with a certain quantity of the fait, affumes the 
colour of a ruby. If it be kept in fufion for a longer time, 
a flight effervefcence is perceived, and all the colour dfap- 
pears. If the tranfparent globule be then foftened by the 
exterior flame, the colour foon returns, and may be agaifl 
effaced by keeping up the fufion for a time. The fmaUeft 
portion of nitrate, added to the glafs, immediately reffores 
the red colour ; and, on the contrary, it is ckflroyed l,y 
the addition of fulphuric falts. This globule of gl 
taken from the charcoal, and fufed in the fpeen of perfect 
metal, becomes red, and changes no more. Thefe experi- 
ments, were made by the celebrated Bergmann. 
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The udphuric acid attacks mihgariefe, and produces 
hydrogenous ^as. This metal is diflblved more flowly 
than iron; afmell is difengaged flmilar to that which is 
airbrded by the folution of iron by the muriatic acid. The 
iomtion is as colcurlefs as water, and affords by evaporation 
tratifnaren? colourlefs cryftals in the form of parallelopipeds, 
and of a bitter tafle. Mr. Sage obtained them ^ txtrahe- 
drfel prifms, terminated by four-fided pyramids. This ialt 
efflorefces in the air. 

-If the fuiphuric acid be poured on the oxide of manga- 
nefe, and i« a&ion affifted by a gentle heat, an aftonifhing 
quamitv of oxigenous gas is difengaged. The oxide of 
mamjanefe c f Cevennes afforded me live pints and a half per 
ounce. When this oxide is deprived of its oxigene, the 
rHidue is a white powder, foluble in water, which by evapo- 
ration affords the fulphate of manganefe, already defenbed. 
The celebrated Bergmann has obferved that coaly mat- 
ter, fuch as fugar, honey, and gum, affifted the a&ion of 
the acid. This depends on the combination of the oxigene 
with thefe agents, to form the carbonic acid -; and the 
fuiphuric acid afts more eafily upon the metal ltfelf. 

Manganefe is precipitated from its folutions by the 
alkalis, In the form of a whitifh gelatinous matter • but this 
precipitate foon lofes is colour, and becomes black by the 
contaa of the air. This phenomenon, which I have myfelfc 
been a witnefs to, can be attributed, in my opinion, only to 
the abforotion of oxigenous gas: and I was convinced ot 
this truth by agitating the precipitate m bottles filled with 
this ras ; for in this fituation the black colour is produced 
in one or two minutes, and a considerable part ot the gas 
is abfbrbrd. I have confirmed an eudiometer as certain 
and as invariable as that which the liquid mlphure of pot- 
ato, or foiution of liver of iulphur, aliords ; but a large 
quantity of prccipate is required, which mud be agitated 
aramft "the fides of the veflels, in order that it may prefent 
a Jrsafer fur face to the air, and that the abiorption may be 
} mm . I judge of the abforntion by caufmg the 

vdlei ia eotfitabflfcatc, by a graduated tube, with Handing 
ie afcenh »n the tube is proper* 

:o the volume of oxigenous gi? ahlorbed, 
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The nitric acid diflblves manganefe with efTervefcencc. 
There always remains a black, fpongy, and friable body, 
which exhibited to Bergmann all the characters of molyb- 
dena. Other folvents prefented a fimilar refidue. The 
folution of the nitrate of manganefe has frequently a dull 
colour, and affumes the red colour with difficulty. This 
folution does not afford folid cry^tals^ even by flow evapo- 
ration. 

The oxides of manganefe are foluble in the nitric acid. It 
is obfervable that this acid is not decompofed upon them, 
becaufe it finds the metal in the ftate of oxide. Carbonic 
acid is afforded when coaly fubftances are added to affift 
the folution. When the nitrous or fuming nitric acid is 
ufed, the folution is made without the afiiftance of thefe 
coaly fubftances, becaufe the excefs of nitrous gas feizes the 
oxigene of the oxide. Thefe folutions do not cryflallize. 

The muriatic acid diflblves manganefe ; but when it is 
digefled upon the oxide it feizes the oxigene, and paffes in 
vapour through the water. This vapour is known by the 
name of Oxigenated Muriatic Acid, whofe properties we 
have already explained. 

The refidue in the retort confifcs of a portion of acid 
combined with the manganefe. This by evaporation affords 
a faline mafs, which attracts the humidity of the air. 

The fluoric acid with manganefe affords a fait of fparing 
folubility, and this acid diflblves but little of it : but by 
decompofmg the fulphate, the nitrate, or the muriate of 
manganefe by the fluate of ammoniac, a filiate of manga- 
nefe is precipitated. The fame phenomenon takes place 
with the phofphoric acid. The acetous acid has but a weak 
action upon this fubfl ance. If it be digefled upon the oxide 
of manganefe, it acquires the property of diflblving copper, 
and forms the beautiful acetate of copper, or cryftals of 
Venus ; whereas the fame acid, digefled on copper, forms 
verdigris, or fimply corrodes it. This circumftance proves 
that the acetous acid becomes charged with oxigenous gas, 
by the afliftance of which it diflblves the copper. 

The oxalic acid not only diiTolves manganefe, but 
wife the black oxide of rfianganefe. The faturated folution 
ofits a white pbv.'dferj if there be not an i acid. 

This fait is blackened by the fire, but eafily re 
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milky colour in the fame acid. The oxalic acid precipitates 
it in the form of fmall cryflalline grains, when poured into 
folutions made by the fulphuric, nitric, or muriatic acids. 

The acidulous tartrile of pot-afh diiiolves the black 
oxide, even in the cold. The tartrile of pot-alh added to 
any folutiou whatever of manganefe, occafions a precipi- 
tate which is a true tartrate of manganefe. 

The carbonic acid attacks manganefe and the black 
oxide. The folutiou becomes covered in the open air 
with a pellicle, which confifts of manganefe that is fepa- 
rated and oxided. It is white when it does not contain iron. 
If the muriate of ammoniac be diftilled with this oxide 
of manganefe, an elaftic fluid is difengaged, according to 
the observation of Scheele, which he confiders as one of 
the principles of ammoniac, without determining its nature. 
Mr. Eerthollet has proved that, when ammoniac is difen- 
gaged by a metallic oxide, there is a portion decompofed. 
The oxigene of the oxides unites to the hydrogenous gas 
of the alkali to form water, and the nitrogene gas efcapes. 
Eight parts of oxided manganefe take up, by a gentle 
heat, in a glafs retort, three parts of fulphur ; and pro- 
duce a mafs of a greenifh yellow colour, which acids 
attack with an efFervefcence and hepatic fmell. 

Manganefe itfelf does not appear to combine with 
fulphur. 

In order to feparate iron from manganefe, the alloy muft 
be diflblved in the nitric acid, and evaporated to drynefs. 
The refidue mull: be (trongly calcined, and digefted with 
weak nitric acid, and a fmall quantity of fugar. The acid 
takes up the manganefe, which may be precipitated by the 
carbonate of pot-afh. 

The alloy may likewife be put into a folution of the 
fulphate of iron. The acid abandons the iron to unite 
with the manganefe. 

The iron having lefs affinity with the acid than the man- 
ganefe, may likewife be precipitated by a few drops of alkali. 
The oxide of manganefe is chiefly ufed in glafs-houfes, 
to deprive glafs of its green or yellow colour, which foda 
and fand, when fufed together, ufually affume. It has on 
this account been called the Soap of the Glafs-makers. It 
is alfo ufed to colour glafs and porcelain of a violet colour. 
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The confumption of this mineral is become more confix 
derable iince the difcovery of the oxigenated muriatic acid, 
which has pointed out its ufes in bleaching of linen, cot- 
ton, &c. 
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CHAPTER VIII. 

Concern':;:? Lcc.d, 



JL.EAD is the fofteil, the lead tenacious, the Icafl 
fonorous, the lead elaftic, and one of the mod ponderous, 
cf metals. A cubic foot of lead weighs feven hundred and 
ninety four pounds, ten ounces, four gros, forty-four grains. 
Its fpecific gravity is to that of water as 1 15523 to 10000. 
according to BriiTon. Its fracture is of a blaeifli white 
colour, darker than that of tin, and tarniihing in the air. 
It poffefTes a peculiar fmell, which is rendered perceptible 
by friction, 

A gentle heat is fufficient to fufe lead ; and the abbe 
Mongez obtained it in cryftals of the form of quadrangular 
pyramids, recumbent on one fide. Some authors affirm 
that lead is occasionally met with in the native Hate. 
Wallcrius mentions three pieces of this kind. The Cei \ 
mineralogies lijtewife affirm that it has been found native 
in Villach in Carinthia. Mr. GenfTane found in Vivarais, 
in four places, at Serremejanes, at Fayet near Argentiere, 
at St. Etienne de Boulogne, and near Villeneuve de Berg, 
Ci grains o f> native lead, from the fize of a chefnut to an 
sc almofl" imperceptible degree of fmallnefs ; they are all 
£i included in a very ponderous metallic earth, which is 
" precifejy of the colour of the allies of beech, or 
" litharge reduced to an impalpable powder. This earth 
" may be cut with a knife, but requires the hammer to 
*' break it." He found pieces which contained a fub- 
flance fimilar to litharge in their internal part. 

Linnaeus fpeaks likewife of a native lead in cryftals.— ■ 
Moil naturalifts agree to confider native lead as of a very 
problematical exiftence. The various famples found in cabi- 
nets are probably owing to ancient mine works. T^e has 
changed their appearance, and incrufled ihem with various 
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matters, -which feem to prove that they do not owe their 
formation to the action of fire ; and this is the circumftance 
which may have impofed on certain naturalifts. 

i. Lead is ufually mineralized by fulphur j and this ore 
is known by the name of Galena. 

It ufually cryftallizes in cubes, and in all the varieties of 
that figure. 

Galena is diftinguimed into feveral fpecies. i. Large 
diced galena. 2. Small diced galena. 3. Scaly or plated 
galena. 4. Compact galena, in fmall brilliant grains 
refembling fleel. It does not appear to be lamellated. 

Thefe diilincl:ions are more especially neceffary to be 
attended to, becaufe the fpecies are very different in rich- 
nefs, and the alloy of filver, which is infeparable from 
galena. In general, the large diced galena is poor in filver, 
and is ufed to give a glaze to pottery, by the name of 
Alquifoux, or potters lead ore. That which is in fmall 
grains is richer, and is wrought as a lead ore containing 
filver. 

Galena is the only fpecies of lead ore which is worked; 
and we fhal! relate all we have to fay concerning the working 
and affay of lead ores after having fpoken of the other ores. 

2. Lead has been found mineralized by the fulphuric 
acid. Mr. Monnet has called this ore the pyritous lead 
ore. It is friable, dull, black, and almofl always cryftal- 
lized in very long needles, or in ilalactites. It efflorefces 
jn the air, and affords a true fulphate of lead. This ap- 
pears to be of the nature of galena: for as the fulphate is 
not developed but by the efflorefcence of the ore, it may 
be concluded that the fulphuric acid does not exifl in the 
virgin ore itfelf. 

Lead mixed with iron is fometimes combined with the 
fulphuric acid. A large quantity is found in the ifland of 
Anglefea. It cannot be reduced upon charcoal with the 
blow-pipe, but it fufes into a black glafs. — Dr. Withering 
has indicated this ore. 

3. The carbonic acid very often mineralizes lead, and 
exhibits feme varieties which we mall proceed to defcribe. 

A. The white lead ore. — This is almofl: always found in 
the cavities of decompofed galena, or in the veins of pow- 
dery ftone containing galena. It is heavy, and frequently 
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of a greafy colour; decrepitates in the fire;. and is eafily 
reduced by diftillation, affording only water and the carbo- 
nic acid. Its form is almoft always cryftalline, but varies 
prodigioufly. The primitive form appears to be a dodeca- 
hedron, with ifofceles triangular planes. 

I have feen cryftals accurately of the form of an hexa- 
hedral prifm fometimes terminated by a fix-fided pyramid. 
The ores of St. Sauveur in the Cevennes have afforded us 
this variety; Mr. Sage poffeffes white lead ore of Gerold- 
feck cryftallized in cubes. 

White lead as tranfparent as flint glafs has been found 
in England and in Siberia. 

The analyfis of the white lead of Siberia afforded Mr. 
Macquart, per quintal, fixty-feven parts lead, twenty-four 
carbonic acid, fix oxigene, and three water. 

B. Green lead ore. — This differs from the foregoing 
only in the modifications produced by the colouring princi- 
ple, which is copper, according to Spielman; and iron, 
according to the greateft number of chemifts. Its form is 
ufually that of a truncated hexahedron; and this ore is 
not fo eafiiy reduced as the white ore. 

C. The black ore of lead. — Lead may return to the 
date of galena by refuming the fulphur it had loft; and this 
regeneration is not rare. It is enough that any hepatic 
vapour fhould ftrike the ore to effect this converfion. The 
ores of Tfchopau in Saxony, and thofe of Huelgoet in Lower 
Britanny, exhibit fine infiances of this phenomenon. 

The gradations or intermediate fpecimens of thefe differ- 
ent ores, eftablifli an infinite number of fpecies, which the 
naturalift can never admit but as varieties. The tranfition 
of the white lead ore to the black ore exhibits gradations of 
colour which it would be very fuperfiuous to defcribe. 

In the year 1 766, Mr. Lehmann defcribed a new fpecies 
of lead ore, called Red Lead. It was found in Siberia, 
in the environs of Catherineburg. Its cryftals are grouped, 
and adherent to quarz, to copper ores, or iron; and 
fometimes to galena, with cryftals of white and green lead. 
It is frequently cryftallized in rhomboidal tetrahedral prifms, 
fhort, and truncated obliquely. 

Mr. Sage has confidered this lead ore as a variety of 
the preceding fpecies, coloured by iron, of which Mr. 
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Lehmann has proved the exigence. The abbe Mongez 
thinks it is mineralized by the arfenical acid. 

Mr. Macquart has given us the mod valuable information 
reflecting the red lead ore; and has proved by an accurate 
analyfis that it contains, in the quintal, lead thirty-fix, 
oxigene thirty-feven, iron twenty five, and alumine two. 

4. The phofphoric acid has likewife been found naturally 
combined with lead. This ore, difcovered by Gahn, owes 
its green colour to iron. It does not effervefce with acids. 
In order to afTay it,' it muff be diffolved in the nitric acid 
by the aihftance of heat, and the lead may then be preci- 
pitated by the fulphuric acid. The fupernatant liquor 
being decanted off, and evaporated to drynefs, affords the 
phofphoric acid. 

This ore melts by the blow-pipe, and affords an opake 
globular mafs without reduction. Its habitudes with fluxes 
refemble thofe of lead and its oxides. 

Mr. De la Metherie has informed us that Mr. • * *, an 
Englifh gentleman, by treating lead ores with the blow- 
pipe, had obferved that there was one whofe globule cryf- 
tallized by cooling, after having been in perfect fufion; 
and that thefe ores were not reducible by the blow-pipe. 
He fufpected they were mineralized by the phofphoric acid. 
Mr. De la Metherie and this gentleman took feven ounces 
of the green lead ore of Hoffsgruard, near Fribourg in 
Brifgaw; which, when treated by the foregoing procefs, 
afforded them phofphoric acid. The phofphoric acid com- 
bined with minium afforded them a green compound. 

The decompofition of the ores which we have defcribed 
frequently affords the oxides of lead, or cakiform ores. 

Thefe oxides at firft afford a powder which, being carried 
along by waters, often mixes with argillaceous, calcareous, 
or quartzofe earths. 

Thefe oxides vary more particularly in their colour, 
which aflimilates them more or lefs perfectly to cerufe, 
mafhcot, or minium. 

In order to make the afTay of a galena, it muft be pul- 
verized and torrefied. The torrefied mineral, mixed \ 
three parts of black flux, affords by fufion a metallic button, 
proportions of the lead in the quintal 
of the ore. 
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Bergmann propofes to make the allay of fulphurepus 
lead ores by the nitric acid, which diiTolves the lead and 
not the fulphur. The folution is then to be precipitated 
by the carbonate of foda; and one hundred and thirty-two 
grains of the precipitate are equivalent to one hundred of 
the metal. If the ore contains filver, ammoniac is to be 
digefted on the precipitate, from which it diffolves the 
oxide of filver. 

The various operations to which lead ore is fubjected to 
obtain the lead, are — 1. It is 'forted, to feparate the rich 
or pure ore from the pulverized matter, and the gangue 
which contains no metal. 2. The ore is pulverized, ;md 
irs gangue feparated by wafhing. 3. The ore is roa 
in a reverberatory furnace, wim occafional agitation, that 
it may prefent all its furfaces to the air; and when the ex- 
ternal part begins to aflume the form of a pafte, it is cover- 
ed with charcoal, the mixture is flirred, and the heat 
increafed. The lead then runs on all fides, and is collected 
at the bottom of the furnace, which is pierced, and per- 
mits the metal to flow into a recepticle properly defended 
by a lining of charcoal. 

The fcoriae, which (till retain much lead are fufed by a 
blafl furnace: the lead is caff into pigs for fale. 

To difengage the filver which the lead may contain, it 
is carried to the refining furnace; where, by the united 
energy of fire, and the wind of bellows directed upon the 
melted lead, the metal is converted into a yellow fcaly 
oxide, called Litharge. This litharge is driven off in pro- 
portion as it forms; and the filver remains alone in the mid- 
dle of the cupel. The colour caufes a diftinclaon of the 
litharge into litharge of gold, or litharge of filver. When 
the litharge is fufed in contact with charcoal, it refumc 
ftate of metal ; and the lead is fo much the better, in ] 
portion as it has been deprived of the filver it contained! 
The fmallefl alloy of fine metal renders it brittle. 

Lead is fufible by a gentle heat. If it be kept foi 
time in fufion, it becomes covered with a grey 
which, when expofed to a more violent heat capabl< 
keeping it ignited, affumes a deep yellow colour, in 
ftate it is called Mafficot. Mafficot may b a > 

the red oxide, or minium, by the following 
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When the lead is converted into mafficot, it is thrown out 
and cooled by poaring water upon it; after which it is 
carried to the mill, and ground into very fine powder, 
which is wafhed in water. The particles of lead which 
could not be pulverized in the mill, remain in the velTel 
where the waftiing is performed. 

This oxide of lead is fpread out upon the hearth of the 
furnace in which it is calcined. Lines are drawn on its fur- 
face; and it is ftirred from time to time, that it may not 
clot together; and the fire is kept up for forty-eight hours. 
When the minium is taken out of the furnace, it is put 
into large fieves of wood, and pafTed through very fine net 
work, or cloth of iron wire, placed over the calks which. 
receive the minium. We are indebted to Meffrs. Jars for 
this information, who have given very curious details 
refpecting the manufactories of minium in the county of 
Derby. 

Mr. GeofFroy was of opinion, that, in order to form, 
minium, no greater heat was required than one hundred 
and twenty degrees of Reaumur's thermometer, but this 
heat is not adapted to works on a large fcale; for in thefe 
the roof of the furnace is kept at a red heat. The lead 
increafes in weight ten per cent, by the calcination. 

All thefe oxides, urged by a ftronger heat, are convert- 
ed into a yellow glafs, fo very fufible, that it penetrates 
and deitroys the bed crucibles. It is ufed in glafs-houfes, 
on account of its fufibility, not only to aflift the fufion, but 
likewife to render the glafs ibfter, more ponderous, of a 
more unctuous feel, and more fufceptible of being cut and 
polimed. Thefe are the reafons for which it is made a 
part of the compofition of flint glafs, and cryftal glafs. 

The oxides of lead, diftilled without addition, afford 
oxigenous gas by a violent heat. — Prieftley obtained it 
from minium, part of which was converted into globules, 
of metal. 

When thefe oxides are fufed with coaly matter, the 

tal becomes revived. 

The fulphuric acid boiled upon lead affords much (u\- 
phureous acid; and an oxide is formed, which arifes from 
a combination of I me of the acid with the lead. A' 

portion of the lead is neverthelefs cHfTolved ; for If a fufK- 
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cient quantity of water be poured on the refidne, a very 
cauftic fait is obtained by evaporation, in tetrahedral prifms, 
foluble in efgntejieh times their weight of water. This 
fulphate is tfecom'pofed by fire, lime, the alkalis, &c. 

Very hot ruljphureous acid, poured into a leaden veffel, 
corrodes and deftroys it inftantly. 

The concentrated nitric acid is readily decompofed upon 
lead, and converts it into a white oxide ; but when the 
acid is weak it dillblves the metal, and forms cryitals of 
an opake white, in the form of fegments of a three-fided 
prifm. I have fpecimens of the nitrate of lead in my 
laboratory, which pbflefs the form of truncated hexaliedral 
prifms ; three of the fides being broader than the others, 
and exactly fimilar to thofe which Mr. De Fourcroy 
obtained by infenfible evaporati n. 

This fait decrepitates in the fire, and is fufed with a 
yellowifh flame upon ignited coals. The oxide of lead 
becomes yellow, and is reduced into globules or metal. 
Sulphuric acid takes lead from the nitric acid. 

The muriatic acid, affiled by heat, oxides lead, and 
diffolves a portion. This fait ci) fcallizes in ftriated hexa- 
hedral prifms. 

This muriate is flightly deliquefcent. Lime and alkalis 
decompofe it. 

The fame acid poured ca litharge decompofes it inftantly. 
Fifty or fixty degrees of heat are produced. The folution 
affords fine octahedral cryilals, of an opake white colour, 
a flyptic tafle, ar.d of very confiderable weight. 

This fait decrepitates on the coals ; and when the fire 
is increafed, its water of cryftallization efcapes, and it 
becomes converted into a mafs of a beautiful yellow- 
€olour. 

Three parts of water, at fifteen degrees of temperature, 
diffolve one part ; and boiling water more than its weight. 

The pure alkalis precipitate it in the form of a magma, 
which occafions a kind of mi Biuhdi. 

The affinity of the muriatic acid with the oxide of lead 
is fo ftrong, that it is capable of decempofing all its com- 
binations. Minium or litharge decompoles the muriate of 
ammoniac. The fame oxides, triturated with marine falv 
iratd thefoda; and it is upon thefe faces that Mr. Turner 
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and others have eftabliflied manufactories for procuring 
foda by the decompofition of marine fait*. 

The muriates of lead, calcined or fufed, afford a 
pigment of a beautiful yellow colour. The manufactories 
of foda have afforded a very confiderable quantity, which 
rs fubftituted inflead of the fine Naples yellow. 

4. The acetous acid cerrodes feadj and affords a white 
Oxide known by the name of wine" lead. 

To prepare this colour, the lead is melted, and cad into 
plates about half a line in thicknefs, four or five inches 
wide, and two feet long. Thefe are rolled up in a fpiral 
form, in fuch a manner that the revolutions remain at the 
didance of half an inch from each other. They are then 
placed in pots, upon three points, which project from the 
infide at about one third of the height. Malt vinegar is 
poured into thefe pots to the height of the bottom of the 
lead, and they are buried in dung beneath fheds. A great 
number of thefe are difpofed befide each other, and feveral 
ftrata are formed. Care is taken to cover each pot with a 
plate of lead and boards. At the expiration of a month or 
fix weeks they are taken out, and the white lead is fepa- 
rated. This white calx is then ground in mills, and after- 
wards put into a vat, from which it is taken out to dry. The 
drying is performed in the made, becaufe the fun impairs 
the colour. For this purpofe it is put into fmall conical 
earthen pots ; and when fufficiently dry it is wrapped in 
paper, and diftribu|ed for fale. 

v Cerufe does not differ from white lead, excepting that a 
more or lefs considerable quantity of chalk is mixed with it. 

All the oxides of lead are foiuble in vinegar. The 
folution of the acetate of lead, duly concentrated, cryftal- 
lizes in efnorefcent tetrah'edral prifms ; and forms the fait 
cf latum, or fugar of lead. 

Cauftic alkalis diffolve the oxides of lead, and the metal 
may be precipitated by the addition of acids. When the 

* I do not hear that foda has been feparatcd from common fait by a 
method fufficiently cheap for the purpofes of commerce. It is univcr- 
fally underftood that Mr. Turner's profits arife from the fale of the 
combination of muriatic acid with the lead, which forms the yellow 
pigment known in London by ; ■ of Patent Yellow. It may be 

produced fimply by the fufipn of litharge and common fait; the alkali 
being volatilized, and driven off, if the fire be fufficiently intenfe. T. 
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alkaline foUition is concentrated, the lead re-appears n?;>. 
in the metallic form, and the alkali is found to k 
acquired a faint and very peculiar tafte. 

The ufes of lead in the arts are multifarious. It is ufed 
to make water pipes, boilers, coverings for the roofs of 
buildings, tea-cheits, and other articles of package. It is 
rendered proper for thefe ufes, either by laminating ir, or 
by caufmg it to flow out upon a bed of fand well rammed 
and levelled, or upon the cloth called ticking. 

It is likewife ufed to make bullets and fmall mot. The 
bullets are call in moulds ; but the fmall thot is made in 
the following manner : — Lead is fufed with a fmall quantity 
of arfenic, to render it more brittle ; and when its tempe- 
rature is fuch as to admit of a card being plunged in it 
without burning, it is poured into a kind of cullender, 
pierced at the bottom with many holes, and containing 
lighted charcoal : this cullender is held over water ; and 
the lead afTumes a round, form as it enters this liquid. 

Led is ufed in the tinning of copper veffels. This is a 
pernicious fraud fupported by cuftom, and tolerated by the 
want of vigilance in the police. It is the more dangerous 
from the circumftance that fats, oils, and Vinegar corrode 
or diiTolve lead, which by that means becomes mixed with 
the aliments. 

Lead ore is likewife ufed to glaze pottery. For this 
pnrpofe gaferra is pulverifcd, and mixed with water. The 
veffel intended to be glazed is dipped into this fluid, after 
having been expofed to a firil baking. It accordingly 
becomes covered with the galena ; which, when exported 
to a violent heat, paifes to the ftate , and forms a 

covering of the giafs of lead over the whole furface. This 
pfecefs is attended with the inconvenience of introduce 
dangerous poifon into our culinary veffels whofe effects on 
the health of individuals cannot but be fenfibly felt. 

Oxided lead enters into the compofition of 'glaffes, 
cryftals, and enamels. It pofTefTes the advantage of facili- 
tating the fufion, and giving the glafs an unclous feel, and a 
degree of fcftnefs, which renders it capable ,oi being cut 
and pclffjied. : I 

White lead and cerufe are ufed by painters: Thele 
;es pofleis the imgular advantage of p teep- 
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tibly altered by their mixture with oil ; and form, by their 
whitenefs and body, a bails or receiver, which is very 
fuitabre for a variety of colours. The workmen who grind 
thefe colours are afTecled by them ; and fooner or later 
become ftibjec~t to the painters colic, colica piclorwn. 

Litharge is at prefent ufed to decompose fea fait; and 
the muriate of lead by fufion forms a fuperb yellow, very 
much employed in varnifh colours. 

8. Cerufe is likewife much ufed for drying up habitual 
moifture of the fkin, and for flight burns. It is applied to 
the ikin in the form of powder, and there is no remedy 
more fpeedy. 

The fait of faturn, or fugar of lead, is almoft entirely 
ufed by the callico printers. 

The vinegar of faturn, or the vegeto-mineral water of 
Mr. Goulard, is a very^proper aftringent in the confequences 
or remains of venereal diforders : it is likewife ufed to wafh 
burns and ulcers, and to facilitate their cure. 

This extract is likewife ufed to clarify liquors, and to 
deprive brandies of their colour ; an evil pra&ice which has 
been common for fome years at Sette, though prohibited 
under heavy penalties. — The wine merchants avail them- 
felves of this compofition but too often, or of litharge, to 
render their four wines fweet. This fraud was prodigi- 
ouily common at Paris in the year 1750; and it was proved 
that, in the interval of three years, thirty thoufand muids 
of vinegar had been thus fweetened ; and fold for wine. 

The oxides of lead are likewife ufed to harden oils, or to 
render them more drying. In this operation the oxigene 
of the oxide combines with the oil, and caufes it to approach 
nearer to the nature of refms. There is likewife a folution 
of lead in oils, which fervcs as the bafis of plafters. 



CHAPTER IX. 

Concerning Tin. 

1 IN is a metal of a white colour, intermediate 
between that of lead and filver. It is very flexible, and pro- 
duces a crackling noife when bended. No other metal 
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poffeffes this property except zinc, in which it is infinitely 
lefs marked. 

This metal is very foft, and the lighted of any of the 
entire metals. The fpecific gravity of fufed tin is 7,2914, 
according to Briffon. 

A cubic foot of this metal weighs about five hundred 
and ten pounds. It is very ductile under the hammer; and 
it tenacity is fuch, that a wire one tenth of an inch in 
diameter is capable of fupporting forty-nine pounds eight 
ounces without breaking. Mr. De la Chenaye has cryftal- 
lized tin after feveral repeated fufions; he obtained by this 
means an affemblage of prifms united together fideways. 

Tin has been found in the metallic (late in the bowels 
of the earth. Mr. Sage poffeffes a fpecimen from the 
mines in Cornwall, and Mr. De Lifle likewife has one in - 
his collection. This tin, fo far from exhibiting any trace 
of fufion, has the external appearance of molybdena : it is 
eafily broken ; but the detached pieces may be flattened ' 
by the hammer. 

Tin ore is either white or coloured. 

1. The white tin ore, which has been often confounded 
with tungflen, cryftallizes in octahedrons. Irs texture is 
lamellated, and it frequently includes portions of reddifh 
tin ore. That of Cornwall afforded Mr. Sage fixty-four 
pounds of tin in the quintal. 

2. The coloured tin ore does not differ from the preced- 
ing, excepting that it contains iron, and fometimes cobalt. 
This ore ufually has the form of irregular polyhedrons. 

Thefe ores afford carbonic acid by diftillation when 
expofed to fire in a crucible. They decrepitate, lofe 
fomewhat of their colour, and become one-tenth lefs heavy. 

Bergmann found fulphureous tin among the minerals he 
received from Siberia. He affirms that this was of a golden 
colour externally, refembling aurum mufivum; and inter- 
nally it prefented a mafs of radiated, white, brilliant, 
brittle cryftals, which afiumed changeable colours on 
expofure to the air. 

To affay a tin ore, nothing more is neceffary than to 
fufe it in the midft of the coals. Calcination in the open 
fire difiipates much of the metal, according to the obfer- 
vation of Cramer. 
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In the working of tin ores, the mineral mufr. be forted 
tery exactly; after which it is to be pulverized, and waflied 
upon tables covered with cloth. By agitation with a wifp 
or broom, the gangue is fufpended or carried away by the 
water, and the tin ore remains alone. 

The furnace made ufe of in Saxony for the fufion of tin 
ore, is a variety of the blait furnace, on the hearth of 
which is a groove to receive the melted metal, and convey 
it into a bafon; whence it is taken to be cart: in moulds of 
copper or of iron. 

The tin ores of Cornwall are frequently mixed with cop- 
per, and arfenical pyrites. The quartz, which is its gangue 
is very hard; and on this account the operation is begun 
by torrefaclion of the ore before it is pulverized. A her the 
ore is waihed, a feparation of the magnetical iron is effected 
by means of loadilones. The ore is ufually fufed in the 
reverberatory furnace. 

In Saxony, and in England, the fcorice are three times 
fufed to feparate the tin, after which they are pounded to 
feparate the laft portions of metal. As the vein of tin in 
the mines of Cornwall is always mixed or accompanied with 
a vein of copper, the tin mud contain this latter metal, 
however great the precautions which may be attended to 
in the working. 

We are acquainted with three kinds of tin in commerce. 

1. Pure tin, fuch as that of Malacca, of Banca, and 
the foft tin of England. The tin of Malacca is caft into 
moulds which give it the form of a quadrangular truncated 
pyramid, with a fmall rim at its bale. It is called, in France, 
Etain en Chapeau, or en Ecritoirj. Each ingot weighs one 
pound. — The tin of Banca is in the form of oblong ingots, 
Weighing from forty to forty-five pounds each. 

2. The Englifh tin, in large pigs, is cail into (ticks of 
ten or twelve lines in diameter, and a foot and a half long. 

3. The tin of the pewterers is alloyed with various me- 
tals. The law in France permits them to add copper and 
bifmuth; and they of their own authority add zinc, lead, 
and antimony. 

Every kind of tin enters into fufion with considerable 
facility, for it is the moil fufible of the metals. If it hr, 
kept iufufionfor a Alert timej sspofed tfj the action of the 
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air, the furface becomes crinkled, and covered with a grey 
pellicle. If this firft covering be taken off, the tin appears 
with all its brilliancy; jbut loon becomes dull, and is oxi- 
ded again. Tin gains one-tenth of its weight by this calci- 
nation. When the oxide Is white, it is then called Putty. 
It is this oxide of tin which the makers of pewter fpoons, 
who ufually travel over the country, call the Drofs of Tin. 
They are very careful to fcum the metal as often as pofli- 
ble, to clear it of the drofs; and by this means they avoid 
giving the peafant any more of his old pewter than that 
which they cannot contrive to take away from him. They 
are very well acquainted with the art of fufing this pre- 
tended drofs into good tin, by heating it in contact with 
charcoal. 

The putty of tin is ufed to polifli hard bodies: and to 
render glafs opake, which converts it into enamel. Tin 
takes fire by a violent heat, according to Geoffroy; and a 
white oxide fublimes, while part of the tin is converted 
into a glafs of an hyacinthine colour. 

If tin be kept in fufion in a lined crucible, and the fur- 
face be covered with a quantity of charcoal to prevent its 
calcination, the metal becomes whiter, more fonorons, and 
harder, provided the fire be kept up for eight or ten hours. 

Tin," and feveral other metals, may acquire a brilliancy. 
they do not ufually poffefs, by pouring them out at the 
moment before they would congeal in the crucible. This 
treatment fecures them from the oxidation they fuller in 
coolling, when they are poured out too hot; and by this 
method, which is very fimple, I have procured to tin and 
lead a degree of brilliancy which they would hardly be 
thought capable of exhibiting. 

Tin, diftilled in clofe veffels, affords a white fublimatfl 
in the neck of the retort, which Margraff took for arfenjc ; 
but Meffrs. Bayen and Charlard have proved that it was 
not that fubftance. 

The action of acids upon tin varies according to the 
degree of purity of the metal. 

The fulphuric acid of commerce diiTolves tin, by the, 
affiftance of heat; but part of the acid is decompofed, and 
flies oft in the form of very penetrating fulphureous acid. 
Water alone precipitates this cxided metal. Mr. Monnet. 
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Ins cblair.Ld cryflals by calcination, which referable fine 
needles, interlaced among each other. The fulphuric acid 
djffolves the oxide of tin much better. 

The nitric acid devours tin. The decomposition of 
this folvent is fo fpeedy, that the metal is feen to be preci- 
pitated, almoft inftantly, in a white oxide. If this acid be 
loaded with all the tin it is capable of calcining, and the 
oxide be waffled with a considerable quantity of difliiled 
Water, a fajt may be obtained by evaporation, which deto- 
nates alone in a crucible well heated, and which burns with 
a white and thick flame, like that of a phofphorus. The 
nitrate of tin, difliiled in a retort, fvvells up 3 boils, and fills 
the receiver with a white and thick vapour, whLh has the 
fin ell of nitric acid. 

Mr. Baume even pretends that the nitric acid does not 

diffolvetinj but Kunckel, and the famous Rouclle, have 

mantained the contrary. Meffrs. Bayen and Charlard 

, dilfolved live grains in two gros of pure nitric acid, diluted 

with four gros of diftilled water. 

The muriatic acid diffolves tin, whether cold or heated. 
During the effervefcence, a very fetid gas is difengaged. 
Thefolution is yellowilh, and affords needle-form cryftals 
by evaporation, whi'h attracts the humidity of the air. 
Mr. Baume prepared this fait in the large way for the cal- 
lico printers. Out of twelve pounds of tin, dilfolved in 
forty-eight pounds of acid, he had a refidaeof two ounces 
fix gros of a grey and foluble powder, which Margrafr had 
taken for arfenic. Mr. Baume has obferved that the cryf- 
tals of the muriate of tin diner according to the (late of the 
a id. He obtained cryftals, fimilar to thofe of the ful- 
phate of foda, in needles, or in fcales like thofe of the acid 
of borax. Mr. Monnet afferts that he obtained, by the 
dittilla'tibn of a muriate of tin, a fat matter, a true butter 
of tin, and a liquor refembiiog that of Libavius. 

The oxi^enatecl muriatic acid diffolves tin fpeedily; and 
the filt which it produces, pofleffes all the characters of 
the ordinary muriate, according to Mr. De Fourcroy. 

That which is known by the name of the Fuming 
Liquor of Libavius, appears to me to be a muriate of tin, 
in which the acid is in the date of the oxigenated muriatic 
acid. To make this preparation, tin is amalgamated with " 
one-fifth of raercilr'y; and this amahrain in powder is mixe'4 

3D 
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with an equal weight of corrofive fublimate. The whole 
is then introduced into a retort, a receiver adapted, and 
diitillation proceeded upon by a gentle heat. An inlipid 
liquor paffes over frrft, which is followed by a fudden erup- 
tion of white vapours, which condenfe into a tranfparent 
liquor, that emits a considerable quantity of vapours by- 
mere expofure to the air. The reiidue in the retort, for 
an analyfis of which we are indebted to Mr. Rouelle the 
younger, confifis of a flight lining in the neck of the retort, 
which contains afmall quantity of the fuming liquor, iome 
muriate of tin, muriate of mercury, and running mercury. 
The bottom of the vfeffel contains an amalgam of tin and 
mercury ; above which lies a muriate of tin of a grey white, 
folid and compact, and which may be volatilized by a 
' ftrong heat. 

The nitro-muriatic acid diffolves tin with vehemence: a 
violent heat is excited; and it frequently happens that a 
magma is obtained refembiing pitch, which becomes harder 
in procefs of time. This -happens when the very concen- 
trated acid has difTolved too much of the metal; and thefe 
inconveniences may be obviated by adding water in pro- 
portion as the folution proceeds. 

The folution of tin which constitutes the compofition for 
fcarlet, is made with the common aqua-fortis, prepared 
with faltpetre of the firft boiling. This is a kind of nitro- 
muriatic acid, which unfortunately varies in its properties, 
according to the two variable proportions of muriate of foda 
•and nitrate of pot-«fh. For this reafon, the dyers are 
continually making complaints, either that the aqua-fortis 
precipitates, which happens when it contains too fmall a 
quantity of muriatic acid ; or that it affords an obfeure 
colour, which depends on an excefs of the lame acid. 
The firfl inconvenience is remedied by diffolving fea fait, 
or fal ammoniac, in the aqua-fortis; and the iecond by 
adding faltpetre. 

The inoft accurate proportions to make a good folver.t for 
tin, are, two parts of nitric acid, and one of muriatic acid. 

Tin is likewife foluble in the vegetable acids. Mr. 
Schultz, in his Dificrtation De Morfe in Olla, has demon- 
firated the folubility of this metal in acids. Vinegar cor- 
rodes it by a gentle heat, according to the experiments cf 
MargraE 
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Mod of the tin in commerce is alloyed with various 
metals. That of England contains copper and arfenic 
artificially, according to Geoffrey; and naturally, accord- 
ing to the Baron Dietrich, Sage, &c. The tin of the 
plumbers or 'pewterers, called Pewter, contains feveral 
metals. The ordonnance in France permits them to add 
a fmall quantity of copper and bifmuth. The firft metal 
renders it hard ; . and the latter reltores the brightnefs 
which would elfe have been impaired by the copper, and 
renders it more fouorous. The pewterers take upon them- 
felves to add antimony, zinc, and lead; the antimony 
hardens it, the zinc renders it whiter, and the lead dimi- 
nifhes its value. It is a defirable circumftance to poffefs 
the means of afcertaining the nature and proportions of 
thefe alloys. We are indebted for the following procefTes 
to Meffrs. Bayen aad Charlard. 

A. When tin contains arfcnic, the folution in the muri- 
atic acid exhibits a black powder, which confifts of arfenic 
feparated from the tin. This method is capable of rendering 
the two thoufand and forty-fecond part of alloy perceptible. 

B. If the tin contains copper, the muriatic acid, which 
attacks tin with facility, precipitates the copper in the form 
of a grey powder, provided there be no excefs of acid, 
and the folution be made without heat. The copper is like- 
wife precipitated by a plate of tin immerfed in the folution. 

I C. Bifmuth is fhewn by the fame procefs as the copper. 

D. To afcertain the mixture of lead, the nitric acid 
mufl be ufed, which corrode the tin, and diflblves the lead. 

The pewterers have two methods of aAaying this metal. 

i. The a flay of the (tone, which confiits in pouring it 
into a hemifpherical cavity made in a calcareous ftone 3 and 
terminating in a channel or groove. The workman atten- 
tively obferves the phenomena of its cooling; and from 
thefe circumflances, as well as from the crackling ornoife 
which the tail of the allay affords when bended, he judges 
of the purity of the metal. 

2. The affay by the ball confids merely in a comparifon 
•of the weight of pure tin with that of adulterated or alloyed 
tin, poured into the fame mould. 

. It cannot but be immediately perceived that thefe me- 
thods are very imperfect. 
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The various metals which are prejudicial lohcshh, , 
not added to the tin in a fufficiently great propoition to 
produce any dangerous enxfts. It kerns' that MdiigrafF 
was deceived by fomc foreign circumfhncc, when i. 
ed that the tin of Morhix contains tbfi 'y-k gfrliis of arfe- 
r.ic in the half ounce; for this quantity is more than fufii- 
cient to render the meial as brittle as zinc. Mefirs. Bayen 
and Chavlard found no arfenic in the tin of Banca and cf 
Malacca. The tin of England never contains more than 
three-fourths of a grain of arfenic in the ounce of metal; 
and fuppofing this to be the maximum, the daily ufe of tin 
cannot be dangerous; fince a plate in which arfenic. exifl- 
ed in this proportion, loft no more than three grains per 
month by conftant ufe, which amounts to the five thoufand 
feven hundred and fixtieth part of a grain of arfenic loft 
daily. The experiments which ritefe two ikilful chemifts 
have made upon animals, by mixing arfenic in larger pro- 
portions with tin, are fufficient to remove every apprehen- 
sion concerning the life of this metal. 

The- lead alone may be productive of dangerous confe* 
quences, becaufe the pewterers add it in a very confiderable 
proportion. 

The combination of tin with fulphur forms aurum mufi- 
vum, or rnofaic gold. The procefs for making it winch 
has beil iucceeded in my hands, is th.it ddcribed by the 
Marquis de Bullion. It confifts in forming an amalgam 
of eight ounces of tin and eight ounces of mercury. 
ihis purpofe, a copper mortar is heated, and mei 
poured inio it; and when it has acquired a certain dc 
'of heat, the melted tin is poured in, and the mixiure agi- 
tated and triturated till cold. Six ounces of fulphur, and 
tour ounces of fal ammoniac, are then mixed; and the 
dc put into a mattrafs, which is to be placed on a fand 
bath, and heated to fuch a degree as to caufe a faint ignition 
in the bottom of the mattrafs. The fire mud h'c fodpi up 
for three hours. The aurum nuuivuin thus obtain 
yufuaily beautiful: but if, inftead of placing the mattrafs 
■he fand, it be immediately expofed upon the coals, and 
.Urongly ;,nd fuddenly heated, the mixture will take fire, 
.smd a fubliraato will be formed in the neck of the vcfGJ, 
• .::h coniifts of the moft beautiful aurum oiufitiim, -I 
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have obtained it by this procefs of a dazzling colour in large 
hexagonal fcales. 

The mercury and the fal ammoniac are not in ftricbnefc 
ueceffary to the production of aurum mufi'vum. Eight 
ounces of tin diffolved in the muriatic acid, precipitated by 
the carbonate of foda, and mixed with four ounces of ful- 
phur, produced the IVlarquis of Bullion a fine aurum mu- 
fivucn : but this is not capable of increafmg the effects of 
the electrical machine, which proves that the compofiticn 
owes its virtue in that refpect to the mercury it contains in 
the proportion of fix to one, when prepared in the former 
procefs. This preparation is ufed to give a beautiful 
colour to bronze, and to increafc the effects of the electri- 
cal machine by rubbing the cufhions. 

The Baron Kienmayer has defcribed the following amal- 
gam, compofed of two'parts of mercury, one of zinc, and 
one of tin: — The zinc and the tin are to be fufed, and mix- 
ed together with the mercury; and the mixture agitated in 
a wooden box, internally rubbed with chalk. The mafs 
is then to be reduced to a fine powder; and employed in 
that itate, or mixed with greafe. The effect of this amal- 
gam is furprizing; for by this means the power of electrical 
machines is inconceivably augmented, 

The amalgam of tin is capable of crystallization. Mr. 
Sage's procefs confnts in pouring two ounces of melted tin 
into a pound of mercury. After having introduced this 
mixture into a retort, he urged it by a violent fire for five 
hours on the (and bath. No mercury was difengaged ; 
but the tin was found in a crydaliized (late above the 
mercury which had not entered into Combination. The 
lower part of this amalgam is compofed of grey brilliant 
cryitals in fquare plates, thin towards their edges, having 
polygonal cavities between each. Every ounce of tin 
retains in its cryftallization three ounces of mercury. 

The amalgam of tin is ufed to filver looking-glaffes. 
For this purpofe, a leaf of tin is fcread out upon a table 
of the fize cf the glafs, mercury is poured upon it, and 
fpread about with a brum. This being done, a larger 
quantity of mercury is poured upon the tin, fo as to form a 
covering of more than one line in thicknefs. The glafs 
is Hided upon this covering, by prefenting one of its edges j 
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taking care at the fame time that its furface mail be beneath 
the level of the mercury, in order that the impurities which 
might hinder a perfect contact may be driven before it. 
The plate of glafs is then loaded with weights equally 
didributed over its whole furface : by which means all the 
excefs of mercury is preffed out, and flows away through 
channelsmadein the edges of the table. The air being driven 
out from between the amalgam of tin and the glafs by this 
ftrong compreiTion, ferves greatly to render the amalgam 
adherent. Several days are required to elapfe before it 
be fufficiently dry to admit of removing the glafs. 

Tin alloyed with copper forms bronze, or bell-metal. 
Seven parts of bifmuth, five of lead, and three of tin, form 
a*i alloy which liquefies in boiling water. 



CHAPTER X. 

Concerning Iron. 

IRON is the moft generally diffufed metal in na- 
ture. Aimed every mineral fubftance of this globe is colour- 
ed with it; and its various alterations produce that truly 
adonifhing variety of colours which are comprehended be- 
tween the blue and the deepen 1 red. This metal likewife 
exids in the vegetable kingdom, where it conditutes an 
almod infeparable principle. It even appears to be one of 
the products of organization, or vegetation; for it is found 
in vegetables which are fnpported merely by air or water. . 
It is indeed contrary to found philofophy to fuppofe that all. 
the iron with which earths are impregnated, mud arife 
from the wearing of ploughfhares : for, not to mention, 
that the plough has not paffed every where, we fee iron daily 
formed in vegetables. There is no reafon to fear that the . 
metal fliould on this account become too abundant ; becaufc 
it is continually dedroyed by palling to the Hate of oxide. 
If, on the other hand, we cad our attention towards : 
the infinite number of ufes to which this metal is applied 
in fociety, we fhall perceive that it is perhaps the mod 
elfential to be known, becaufc.it is the mod diffufed,. the 
mod ufeful, and the mod employed. 
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This metal is of a white livid colour, inclining to grey, 
obedient to the magnet, and gives fire with quartz ; which 
laft circumitance is attributed to the fufion and rapid com- 
buftion of particles of the metal detached by the ftrcke. 
It is the liphteft of all metals except tin. One cubic foot 
of forged iron weighs five hundred and forty-five pounds. 
The fpecific gravity of fufed iron is 7,2070.— See Briffon.' 
Iron is very hard, fufceptible of a fine polim, and very 
difficult of fufion. It may be drawn into very fine wire, of 
which the firings of the harpfichord are made. It becomes 
hard by hammering, without heat ; but when affifted by 
heat, it may be hammered into every imaginable form. 

Iron is univerfally difperfed ; but, by common confent, 
thole places, or matrices, in which the iron is mfnciently 
abundant to be wrought with profit, are called Iron Mines,' 

or Ores. . 

Iron is found native, without mixture, in ieveral places. 
We {hall not here mention thofe ridiculous afTertions, which , 
have no other merit than that of having been authorized by 
the fuffrages of certain celebrated men. — " Albertus 
Magnus decidiffe caelum, imbre, maffam ferri centum 
librarum. Peiernmnnm, magna tempeftate, cum proje&u 
multorum lapidum, coelo molem ferri decidiife, quae in lon- 
gitudine fexdecim, in latitudine quindecim in craffitie duos, 
pedes habuerit :" that is, of the weight of forty-eight thou-; 
fand pounds, apd containing four hundred and eighty cubic 
feet.— Becher fupplem. in Phyf. Subter. cap. iii. p. 599. 

We are indebted to Lehman for a defcriptiomof a piece 
of native iron poffeffed by Margraff, which came from 
Eibenftock in Saxony. 'The grain was diftinguifhable on 

both fides. . 

'Henckel poffeffed a fmall piece incrutted with a yellow 
earth ; and the cabinet of the Royal School of mines pof- 
feffes one which is covered with fpathofe iron ore. Adanfon 
and Wallerius affirm that it is found in Senegal; and Rouelle 
received a piece from thence which was very malleable. ; 
Simon Pallas fpeaks of a mafs of native iron found near 
the great river Jenefei in Siberia. This iron is a very fpongy, 
very pure, perfectly flexible, and proper to be formed into 
infh-uments by a moderate fire. It is naturally incrufled 
with a kind of varuiflx which preferves it from raft, 
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Mr. Macquart doubts the legitimacy of the native iron, 
defcribed by Pallas : he thinks that it may be confidered' 
as fufed iron. Mr. De Morveau does not believe in the 
exigence of native iron. 

Though fome doubts may be raifed concerning the 
timacy of thefe pieces, and there may be reafons toconfider 
fome of them as confequences of the action of fire, we can- 
not however refufe to admit of the exigence of native iron, 
after the depofitions, facts, and atteftations which preicnt 
themfelves on all fides in fupport of this truth. 

. Iron, flowly cooled, crylfaliizes in octahedrons almoft 
always implanted one in the other. We are indebted to 
Mr. Grignon for this obfervation. I am in poffeffion of a 
piece of iron entirely covered with fmall tetrahedral, flat, 
and truncated pyramids. Some of the pyramids have a 
bafe of one line in breadth. It comes from the frontiers' 
of the Comte de Foix. This iron is very feldom found 
unaltered by foreign admixtures ; but I think we may 
confider all the iron ores which are attracted by the magnet, 
as containing the native metal, difperfed in fome gangue : 
and we (hall attend to thefe fpecies before we treat of the 
oxides and martial falls-. 

ARTICLE I. 

Concerning Iron Ores which are attracted by the Magnet. 

i. The octahedral iron ore.- 1 - This ore has the form of 
octahedrons, ifolated, and difperfed in a gangue of fchiftus, 
or calcareous (tone. The cryftals are grey, very regular 
in their form, and flrongly bedded in the (lone. Their 
fize is from half a line to fix or feven in diameter. Corfica 
and Sweden afford this kind. 

Mr. Sage obferves that octahedral cry dais of iron are 
fometimes found in the finePt white marble of Carara. 
The black ferruginous fand which accompanies the hya- 
cinths in the brook of Expailly, is an octahedral iron ore, 
obedient to the magnet. 

2. Iron ore in fmall plates or fcales. — The fmal! 
or fcales which arc attracted by the mi 
in moft rivers which contain gold, are an iron arfy 

in the metallic flate. This fand forms the refidue 
is left after the preci. ,1 has be by amai-- 
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gamation. If is mixed with fragments of quartz, garnets, 
' &c. I found a large quantity in the fand of the river of 
Ceze: it was alio fen t me from the neighbourhood of 
Nantz. I have received fome Jikewife from Spain; and 
this fand has aiforded me certain phenomena which appear 
to entitle it to a particular rank among the metals. Acids 
diflblve it by the affifiance of heat; and always without 
efFervefcence, or the difengagement of gas. It communi- 
catee the fame colour to the nitro-muriatic acid as platina 
does. It is indccompofable by heat, either in the open 
fire, or in open veiTels. I have endeavoured to reduce it 
by ail the known fluxes, but in vain. It precipitates i.i 
the flux, mixes with it, and recovers its form and magne- 
tic virtue by pulverizing the mafs. It poflefTes feveral 
characters of the fiderotete, or phofphate of iron. 

3. Iron tKfpcrfed ha ilones renders them obedient to the 
fciagnet. The ophites, the ferpentines, the micas, the 
pot-llones, and feveral marbles, are iu this lunation. Iron 
dilfeminated in a gaugue of quartz, or very hard jafper, 
forms emery, which on account of its hardnefs is nfed to 
grind and polifh glafs. It comes to us from Jerfey and 
Guernfey, where it is plentifully found. 

The magnet itfelf is nothing elfe but the iron we fpeak 
of, modified in fuch a manner as to afford a paffage to the 
•netic fluid, and to exhibit the known phenomena. The 
magnet is fometimes found in a regular form. Mr. Sage 
ms that he poffeiTes a fmall piece of magnet from St. 
Domingo, on which oftahedrons are diilinguiihable. We 
likewife read, in the General Hiitory of Voyages, that at 
twenty leagues from Solikamfkai in Siberia -magnets are 
found of a cubical form and greeniih colour, of a lively 
brilliant appearance, which are reducible into glittering; 
fcales by pulverizing. 

The magnet varies in its quantity of metal. Thofe of 
Sweden and Siberia are very~rich in iron; but the magne- 
tic force is not in proportion to the iron they contain. 

There is reafon to think that the magnetic agent is a 
modification of the electric power. * 1. Iron which remains 
along time in an elevated pofition becomes magnetic. 2. 
Inllruments of iron ftruck with lightning areuiually mag- 

% E 
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netized. 3. Two pieces of iron may be magnetized by 
rubbing them againfi: each other in the fame direction. 4. 
Black iron ores are found in Sweden which are attracted 
by the magnet, andwhofe metallic particles are fometimes 
fo weakly connected together that they are reducible into 
powder. We have feveral fpecies of thefe ores inLangucdoc. 
This fpecies is in general very rich, and affords near 
eighty pounds of iron per quintal. 

5. Iron appears to exift in the metallic ftate in fome other 
fpecies, fuch as the fpecular iron ore. But the metallic 
Itate is lefs evident and characteriftic, the metallic qualities 
being more changed; and thefe ores are lefs attracted by 
the magnet. 

Thefe iron ores frequently exhibit metallic plates ot 
a brilliancy equal to that of fteel, and unalterable in the 
air. The ore of Mont d'Or, that of Framont in the 
principality of Salm, and thofe of the mountains of Vofges, 
have afforded us very curious fpecimens. Thefe plates 
are fometimes hexagonal, formed by two hexahedral pyra- 
mids truncated near their bafe. 

The fpecular iron ore of Framont afforded Mr. Sage 
fifty-two pounds of iron in the quintal : the iron is very 
duclile, and acquires much fibre. 

The celebrated iron ore of the ifland of Elbe is of this 
kind, but it has not the plated form. Its cryftals are lenti- 
cular, with brilliant facets, which are dodecahedrons with 
triangular planes. Thefe beautiful groupes of cryftals are 
fometimes (haded with the moil lively colours. White clay, 
rock cryftal, cupreous pyrites, &c. are found among them. 
The Lucquefe work this ore in the Catalan method, by 
flratifying charcoal and the ore, one layer over the other. 
The fire is kept up by good bellows ; and when all the 
coal is confumed, the iron is found collected together in 
a mafs, which is carried to the hammer. 

The eifenman is a fcaly fpecular ore. When it is rubbed, 
brilliant particles are detached from it ; which has caufed 
the miners of Dauphiny to give it the name of Luifard. 

The eifenram is an iron ore of a brilliant red colour, 
which contains plumbago and iron. 
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ARTICLE II. 
Concerning Sulphureous Iron Ores, or the Sulphures of Iron. 

The union or combination of iron and fulphur forms the 
fulphureous iron ore, martial pyrites, fulphure of iron, Sec. 
Thefe fulphures are very abundant, and are evidently formed 
by the decompofition of vegetables. I have feveral times 
found pieces of wood buried in the earth perfectly incrufted 
with pyrites. The effect of fubterraneous fires is owing 
only to the mixture of thefe fulphures with the remains of 
vegetables. Thofe fpecies of coal which efflorefce in the 
air, owe their decompofition only to the pyrites with which 
they are penetrated. It is likewife to the decompofition of 
the pyrites that we mud refer the heat of moft mineral 
waters. The fulphure of iron fometimes cryftallizes in 
cubes, and often in octahedrons. The union of a number 
of octahedral pyramids with their points towards a common 
centre, forms the globular pyrites. 

When the fulphur is diffipated, it fometimes happens 
that the pyrites lofes neither its form nor its weight. It 
then becomes brown, is attra&ed by the magnet, and is 
called the Brown or Hepatic Iron Ore. — See De Lifle. 

But the decompofition of pyrites moft commonly pro- 
duces the fulphuric acid, which feizes the iron, diffolves it, 
and forms an efflorefcence on the furfacc. Advantage has 
even been taken of this property of the pyrites to eftablifli 
manufactories of fulphate of iron, or copperas. The two 
valuable eftablifhments which have been made of this kind, 
in the vicinity of Alais, work certain flrata of a hard pon- 
derous pyrites. Thefe are formed into heaps upon areas, 
where the ground is ilightly inclined. The efflorecence is 
accelerated by watering the pyrites, grofsly broken, with 
water. This fluid diflblves ail the fait which is formed, and 
carries it into refervoirs, where the folution fufFers all the 
foreign matters it may contain to fubfide. It is left at reft 
in thefe refervoirs, in which the fun produces a flight con- 
centration of the fluid ; and the concluding evaporation is 
made in leaden cauldrons, with the addition of old iron, 
to faturate the acid with as much of that metal as poflible. 
The cryftaliization is performed in bafons, in which pieces 
of wood are difpofed to aJEfl the formation of cryftals. 
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Thefe two manufactories in Languedoc are capable, in 
their prefent flate, of furniming upwards of forty thoufand 
quintals of copperas, if the demand required it. 

In order to facilitate the vitriolization, it is necefiary to 
give accefs to the air, becaufe the concurrence of this 
clement is necefiary to form the fulphuric $cid. 

The fulphate of iron cryftallizes in rhomboids. 

It eillorefces in the air, and gradually lofes its fine green 
colour by the diiTipation of its water of cryftallization. 

If the fulphate of iron be expofed to heat, it liquefies, 
boils, becomes thick, and is reduced into powder. This 
powder, mixed with pulverized nut galls, forms a dry ink, 
which feveral perfons fell as a fecret, and which requires 
only the addition of water to render it fit for ufe. 

The fame powder, urged by a Stronger heat, fuffers its 
acids to efcape ; after which there remains only a martial 
earth, or metallic oxide, known by the name of Colcot 

I attribute the formation of all the yellow or red earths, 
commonly called ochres, to a fimilar decomposition of the 
pyrites. The heat produced by the decomposition of the 
pyrites has determined the refpeclive colours of thefe earths; 
and they may be caufed to pafs artificially through thefe 
various (hades, by treating them with various degrees of 
iire. I have difcovered, in the diocefe of Uzes, banks of 
ochre of fuch uncommon finenefs, and fo very pure, that 
calcination converts it into a brown red, fuperior to every 
thing before known in trade. The manufactory which has 
been eftabliShed under my care, has acquired all the cele- 
brity which the Superiority of its products could not but 
neceflarily afford it. My experiments on thefe ochres, and 
the advantages which they may afford to the arts, may be 
feen in the work which I have published on this fubject, 
printed for Didot the elder, at Paris. 

I likewife found at Mas-Dieu, near Alais, a Stratum of 
red ochre of fo beautiful a colour, that it could fcarcely be 
imitated. 

ARTICLE III. 
Concerning the "Spathofe Iron Ores, or Carbonates of Iron. 

The carbonic acid is fometimes combined with ire □ in 
ores; and the refemblance between this iron and (par, has 
procured it the name cf the Spathofe Iron Ore. 
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The formation of this ore appears to be owing to the 
mutual decompofition of the carbonates of lime, and the 
fulphates of iron. A folution of copperas, in which calca- 
reous fpar was fuifered to remain, produced this ore, 
according to the experiments of Mr. Sage. 

Bergmann obtained from the ores of this kind, which he 
analyfed, thirty. eight ounces of the oxide of iron, twenty- 
four ounces of ihe oxide of manganefe, and fifty ounces oF 
calcareous earth. It appears therefore that this ore contains 
two metals united by a calcareous cement, which cryftallizes 
always in its own form, as we find in the lapis calaminaris, 
the calcareous grit, &c. 

^ The fpathofe iron ores are wrought at Cafcadel, in the 
diocefe of Narbonne, at Bendorf on the banks of the 
Rhine, at Eifenartz in Styria, &c. 

ARTICLE IV. 
Concerning ihe Bog Ores of Iron, or Argillaceous Iron Ores. 

Thefe ores confift merely of a martial oxide, in a (late 
of greater or lefs purity, mixed with earthy fubftances of 
the nature of clays. 

They appear to have been depofited by water ; and are 
ufallydifpofed in frrata, which are frequently marked out, 
and as it were feparated, into fmall prifms, whofe forma- 
tion arifes (imply from the flirinking of the clay. 

1. The eagle- (lone, or retires, ought to be ranked among 
the bog ores of iron, They are geodes of a round or oval 
form, having a hard external covering, while the cavity 
includes a detached nodule ; and the noife produced by 
making one of thefe (rones, arifes from the nodule bein^ 
at liberty to move within the (lone. 

The name of eagie-fi:one lias arifen from a notion, for- 
merly entertained, that eagles placed it in their nefls to 
facilitate the laying of their eggs ; and wonderful powers 
of rendering labours fafe and eafy, were attributed to it 
in the times of fuperflition. 

2. We are acquainted with an iron ore in round pieces, 
refembling bullets, of feveral lines in diameter, which 
ought to be confidered as a variety of the preceding. An 
ore of this kind was begun to be wrought at Fontanez, 
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near Sommieres ; and we find a confiderable quantity of 
thefe metallic globules among our red earths in the neigh- 
bourhood of Montpellier. 

3. The purefl: oxide of iron, worn and carried along by 
waters, and afterward, depofited, forms ftrata of various 
appearances and colours. Thefe are called haematites. 

The colours arife from the various degrees of alteration 
in the oxide. They vary from yellow to the deepen 1 red. 
The red haematites is ufed in the arts to burninfh gold or 
filver. It is cut into long pieces, which when polifhed are 
known by the name of burnifhers. This blood-flone is fome- 
times foft enough to be ufed inllead of a crayon for drawing. 

Its figure is likewife fubjectto prodigious variation. It 
often appears as if compofed of fmall prifms applied one 
againft the other, in which cafe it is called the fibrous hae- 
matites. In other fpecimens it is tuberculated. It is very 
frequently found in compact irregular maffes, fuch as thofe 
of the ores of the county of Foix. This muft naturally 
exhibit the fame variety of forms as the calcareous ftalac- 
tites, becaufe its mode of formation is nearly the fame. 

ARTICLE V. 
Concerning Native Fruflian Blue, or the Frufliate of Iron. 

Beccer fpeaks of a blue earth found at Turihge. Henc- 
kel informs us that a blue martial earth is found a Schnee- 
burg and at Eibenilock. Cronftedt has defcribed a native 
Pruffian blue: Mr. Sage found it in the turf of Picardy. 
It is likewife found in Scotland, in Siberia, &c, and I pof- 
kfc a fulphure of iron in a Mate of decompofition, which 
exhibits a true prufTiate of iron upon one of its furfaces. 

ARTICLE VI. 
Concerning Plumbago, or the the Carbure of Iron. 
The name of Plumbago is at prefent confined to that 
fhining fubftance of a blackifn blue colour, which is ufed 
to make the pencils called black-lead pencils. It has a 
greafy feel, exhibits a tuberculated fracture, foils the 
hands, and leaves a black trace upon paper. 

Plumbago is found in many places; that of commerce is 

brought to us from Germany. We receive it likewife 

i Spain, from America, and from En eland. It is alio 
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found ia France. This mineral is almoft: always difpofed 
in leparate maffes in the bowels of the earth ; and it is pro- 
bably on account of this form, that the ancients denoted 
it by the words Glebae Plumbarise. 

The plumbago of England differs from the other fpeci- 
mens in its texture, which is much finer, and of a greater 
degree of brilliancy. The English do not take a larger 
quantity out of the mine than the market demands, in 
which they are careful to l:eep up the price. 

The molt plentiful mine is in the county of Cumberland. 

The plumbago of Spain is always accompanied with 
pyrites, which efHorefce on the furface of the pieces; either 
in fmall cryilals, fimilar to thofe of the fulphate of iron; 
or in a kind of iilky vegetation, analogous to that of plume 
alum. It is dug up in the neighbourhood of the town of 
Ronda, at the diftance of four leagues from the Mediter- 
ranean fea. It is the word kind which comes to market, and 
is ufed only to give a mining black colour to iron utenfils. 

The American plumbago, which Mr. Woulfe procured 
for Mr. Pelletier, breaks eafily, and exhibits fmall quart- 
zofe grains in its internal part, as well as flight traces of a 
whitifh clay. It is found in feparate maffes ; and its tex- 
ture appears to confift of the union of an infinity of fmall 
fcaly parts, which at firft fight might caufe it to be taken 
for molybdena. 

France likewife poffeffes plumbago, and the chevalier 
Lamanon obferved it in Upper Provence. The mine is 
fituated near Col. de Bleoux. The black lead is found 
between two flrata of clay, not more than a few lines in 
thicknefs. It forms a ftratum of four inches thick; or 
rather the ftratum confifts of feparate maffes, which are 
fometimes feveral feet in length. It is accompanied by a 
vein of pyrites. The inhabitants of Bleoux fell this pro- 
duel at Marfeilles at about fifteen livres per quintal. Mr. 
De la Peyroufe found plumbago with tourmalines in the 
county of Foix, and Mr. Darcet brought it from the Py- 
renean Mountains. 

Plumbago is indeftruftible by heat without the prefence 
of air. Mr. Pelletier expofed it to diftillation, in the pneu- 
matc-chemical apparatus, by a violent fire during fix hours, 
without the plumbago having loft weight, or fuffered any 
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other change. He expofed two hundred grains in a well- 
clofed porcelain crucible to the fire of the manufactory at 
Seves, and it loft only ten grains. But when it is calcined 
with the concurrence of air, it then burns, and leaves but 
a fmall quantity of refidue. Meffrs. Quirt, Gahn, and 
Hielm obferved that one hundred grains, treated under a 
muffle in a (hallow veffel, left only ten grains of oxide of 
iron. Mr. Fabroni diflipated the whole of a portion of 
plumbago expofed under the muffle. This calcination is a 
flow combuftion, which is facilitated by cauiing the matter 
to prefent a large furface, and agitating it from time to time. 

If one part of plumbago, and two of very cauflic dry alkali, 
be heated in a retort with the pneumato-chemical appara- 
tus, the alkali becomes effervefcent, hydrogenous gas is 
obtained, and the plumbago difappears. This beautiful 
experiment proves that the fmall quantity of water contain- 
ed in the fait is decompofed ; and that its oxigene, by com- 
bining with the carbone of the plumbago, forms the carbo- 
nic acid. The experiment published by Scheele has been 
repeated and confirmed by Mr. Pelletier. 

The fulphuric acid does not act upon plumbago, accord- 
idg to Scheele. Mr. Pelletier has obferved that one hun- 
dred grains of plumbago, and four ounces of oil of vitriol, 
being digefled in the cold for feveral months, the acid 
acquired a green colour, and the property of congealing 
by a very flight degree of cold. The fulphuric acid diftil- 
]ed from plumbago, pafTes to the ftate of the fulphureous 
acid ; at the fame time that carbonic acid is obtained, and 
an oxide of iron is left in the retort. 

The nitric acid has no action upon plumbago unlefs it be 
impure. Eight ounces of nitric acid, diftiiled from half a 
gros of purified plumbago, neither altered its fliining ap- 
pearance, nor deprived it of its unctuous feel. 

The muriatic acid diffolves the iron and the clay which 
contaminate native plumbago. Merits. Berthollet and 
Scheele availed themfelves of this method to purify it. 
The liquor being decanted after digeftion upon the plum- 
bago, the refidue is then waffled, and fubmitted to diflil- 
lation to feparate the fulphur. The muriatic acid alone 
has no action upon plumbago, but the oxigenated muriatic 
acid diflblvcs it; the refult being a true combuftion effected 
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by the oxigene of the acid, and the carbone of the plum- 
bago. 

If ten parts of the nitrate of pot-afh be fufed in a cruci- 
ble, and one part of plumbago be thrown thereon by a 
little at a time, the fait will deflagrate, and the plumbago 
will be deftroyed. The matter which remains in the cru- 
cible confifts of very eficrvefcent alkali, and a fmall portion 
of martial ochre, 

If plumbago bediftiiled with muriate of ammoniac, the 
muriate fublimes, cr. 7 the iron. 

All tbefefa&s prove that plumba joisa peculiar combaf- 
tible fubftance, a true charcoal combined with a martial 
bafis. Plumbago is more common than is i !. The 

brilliant charcoal of certain ^ more 

efpecialiy when formed by didillation in c (Tels, 

all the characters of plumbago. The char oal of 
&nimal fubftanceS poffefles characters re peculiarly 

refeinbling it. Like it they are difficult to incinerate, 
they leave the fame impreffion on the hands and upon 
paper; they likewife contain iron, and become converted 
into carbonic acid by combuftion. When animal fubftan- 
ccs are diftilled by a ftrong fire, a very fine powder fub- 
limes, which attaches itfelf to the inner part of the neck of 
the retort. This fubftance may be made into excellent 
black-lead pencils, as I myfelf have proved. 

Carbone may be formed in the earth by the decorrtpofi- 
tion of wood together with pyrites; but the origin of plum- 
bago appears to me to be principally owing to the ligneous, 
and truly indecompofable, part of the wood, which refills 
the deftruclive action of water in its decompofition of vege- 
table fubftances. This ligneous fubftance difengaged from 
the other principles, mud form peculiar depositions and 
flrata; and Mr. Fabroni has aiTuredme that the formation 
ef plumbago in water is a common phenomenon, of which 
he had feveral times been a witnefs. This chemift, by 
his letter of the thirtieth of January 1787, informs me 
that, in the dominions of the king of Naples, there are 
wells dug exprefsly for the purpofe of collecting an acidu- 
lous water, at the bottom of which wells a quantity of 
plumbago is collected every fix months. 

3F 



360 Plumbago, or Black Lead, 

He fuppofes that the black mud which is found beneath 
the pavement of Paris is plumbago formed in the humid 

way. 

There are likewife diftricts in Tufcany where plumbago 
is formed in the humid way. 

This fubftance is of confiderable life in the arts. It has 
been at all times applied to the purpofe of making pencils, 
the mod eftecmed of which are thofe which come from 
England. They are made at Kefvvick in the county of 
Cumberland. The piece of plumbago is fawed into very 
thin plates. The edge of one of thefe plates is fitted into a 
groove (truck in a wooden cylinder; and the thin plate of 
plumbago is then cut off in fuch a manner that the cavity 
of the fmall cylinder remains perfectly filled. 

The duft of plumbago is ufed to lubricate certain infrru- 
ments; and it is likewife made into pencils of an inferior 
quality, by kneading it up with mucilage, or by fufing it 
with fulphur. The fraud may eafily be difcovered by the 
afliftance of fire, which burns the fulphur; or by means 
of water, which difiblves the mucilaae. 

Plumbago is likewife ufed to defend iron from raft. 
The hearths and plates of chimneys, and other fimilar 
utenfils, which appear very bright owe their colour to 
plumbago. Romberg has communicated a procefs, in the 
year 1699, in which plumbago is applied to this ufe. 
Eight pounds of hogs-lard are melted with a fmall quantity 
of water, with the addition of four ounces of camphor. 
When thislafl is fufed, the mixture is taken from the fire; 
and, while it is yet hot, a fmall quantity of plumbago is 
d, to give it a leaden colour. When this is to be 
lied, the utenfils mufl: be heated to fuch a degree, that 
the hand can fcarcely be d to them. In this ftate 

the compofiti.on mufl be rubbed on them, and afterwards 
wiped when the piece is dry. 

Thofe who prepare fmall mot, make ufe of black lead 
to poiifh and glaze it: the (hot is roiled or agitated together 
with a quantity of plumbago. Plumbago is likewife ufed 
to make razor drops. When kneaded up with clay, it 
forms excellent crucibles, which we receive from Paffawin 
Saxony. One part of plumbago, three of argillaceous 
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earth, and a fmall quantity of cows' dung very finely chop- 
ped, form an excellent lute for retorts. Mr. Pelletier has 
ufed it with great advantage. This lute is exceedingly 
refractory; and the glafs will melt without the covering 
changing its form. 

To make the aflay of an iron ore, I find the following 
f \ v ] y J vantageous: — I mix four hundred grains of cal- 
cined borax, forty grains of flacked lime, two hundred 
grains of nitrate, and two hundred of the ore to be affayed. 
I | nh -lize this mixture and place it in a lined crucible, 
Which I cover. The heat of a forge furnace is fumcient 
to efTecT: the reduction. In the fpace of half an hour, the 
button of metal is found depofited at the bottom of the 
vitrified flux. 

The procefs for working iron mines varies according to 
the nature of the ore. The metal is fometimes fo little 
altered, and fo abundant, that nothing more is necelTary 
than to mix it with the coal, and fufe it. This fim pie and 
(Economical procefs forms the bafis of the Catalan method, 
which may be employed in treating the fpathofe iron ores, 
thofe of Elbe, the haematites, and other rich and pure 
ores. But it cannot be applied to fuch as contain much 
foreign matter capable of becoming converted into flag. 
For this reafon, the experiments made in the county of 
Foix on the ores of various countries, and various qualities, 
have not fucceeded. On this head, the work of Mr. De 
la Peyroufe, and the Memoirs of the Baron de Dietrich, 
may be confulted. 

The furnaces in which iron is re from twelve to 

eighteen feet in height. Their internal cavity has the 
form of two four-fided pyramids joined bafe to bafe. The 
only flux added to the ore is the calcareous (tone, named 
(by the French) cajiine, if the ore be argillaceous; but, 
if the gangue be calcareous, the workmen employ argilla- 
ceous earth, which is named herbue. 

The furnace is charged at the upper p the fire is 

excited by bellows, or hydraulic machines. The ore melts 
as it paffes through the coal and is collected at the bottom, 
where it is maintained in a liquid hate. At the end of 
every eight hours it is fuffered to flow out into the mould, 
r hollow channel made in the fand. 
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Crude iron, cad in fuitable moulds, forms chimney- 
backs, pots, cauldrons, pipes, and an infinity of utenfils 
orvafes, which could not be obtained without difficulty by 
forging the iron. The works which are eft ab!i fried at 
Creufot in Burgundy furpafs every thing which c:m be 
defired in this fpecies of induftry. 

This firft product is called Caft or Crude Iron. It is 
brittle; but may be rendered ductile by heating it again, 
and hammering it. For this j-urpofe the pig iron is fufed 
again, and ftirred while in the (late of fufion: after which 
it is carried to the forge hammer. By this treatment the 
iron becomes ductile, affumes a fibrous texture, and is 
formed into fquare or flat bars for the purpofes of trade. 

Iron is Ijkewife capable of a degree of fuperiority, which 
is given to it by placing it in contact with coaly fubftances, 
and foftening it to fuch a degree that thefe may penetrate 
into its texture. It is then known by the name of Steel. 
We are indebted to Mr. Jars for very interesting accounts 
of the fteel manufactories in England. The manufactory 
eftablifhed at Amboife is not inferior to thofe of England, 
as was afcertained by comparative experiments made upon 
the products of the feveral manufactories, at Luxemburg, 
on Friday the 7th of September, 1786. 

We may therefore divide the different dates of iron into 
caft or crude iron, iron properly fo called, and fteel. It is 
clear that thefe three ftates are nothing more than modifi- 
cations of each other; but the circumftances on which 
they depend, and the principle which eftablifries their dif- 
ference, were till lately unknown. 

The celebrated Bergmann has given an analyfis of the 
various ftates of iron, and has drawn up the follow 
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ted chemift has confirmed by his* refults the 
conclufion of Reaumur, who always confidered fteel as 
intermediate (late between crude and malleable iron. 
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We arc indebted to three French chemifts, MdTrs, 

Monge, Vandermonde, and Bcrthollet, for a quantity of 

ti more accurate information refpe&ing all thefe Mates, 

We may confider iron ores as natural mixtures of iron, 
o \:ene, and various foreign fubftances. When an ore is 
wrought, the obje£r. of the operator is to clear the iron of 
all thefe matters. To effect this feparation, the ore is 
thrown into the fmelting furnaces, with, different propor- 
tions of charcoal. Thefe matters are heated together until 
they arrive at the hotteft part where the mixture falls ; 
and, after fuffering the ftrong aftion of the fire, is preci- 
pitated in fufion, and forms a fluid mafs at the bottom of 
the furnace. The earths and (tones, nearly in a vitrified 
(late, float above the fluid ; and the oxigene, being partly 
driven out, remains likewife in a greater or lefs quantity in 
the crude iron. The crude iron is either white, or grey, 
or black. In our enquiries concerning the caufe of thefe 
three kinds of iron, and their qualities, we can refer them 
only to the proportions of foreign principles contained in 
the crude iron. Thefe principles arecarbone and oxigene. 

1. Crude iron contains carbone. The ladles which are 
lifed to agitate, take up, and pour out this melted metal, 
become covered with a coating of plumbago, which con- 
tains nine-tenths of carbone : and caff iron, ftroflgiy 
heated in contact with the coal, fuffers a part to eicape or 
exfude from its furface when it is flowly cooled. Crude 
iron emits fparks when it is heated ; the acids which dif- 
fblve it always leave a refidue which is purely carbona- 
ceous. The hydrogenous gas, which is obtained 
treating thefe irons with acids, always affords the carbonic 
acid by com bullion. 

2. Crude iron contains oxigene. Several minera-logi 
attribute the frai nd brilliancy of crude iron to its 

containing iron in the (late of oxide. This opinion, 
which is generally adopted, feppofes the exidence of 
oxigene. Crude iron, urged by a violent heat in clofe 

Is, affords the carbonic acid, and paffes to the ftate 

of fort iron ; becaufe its oxigene then unites to the carbo- 

rinciple, and eonftitutes the carbonic acid, 

which exhales, and clears the crude iron from the two 

\ les which altered its quality. 
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Oxigene and carbone exifl: therefore in crude iron, bur 
they may exifl in three different dates — 1. A large quan- 
tity of carbone, and a fmall quantity of oxigene. 2. An 
exact proportion between thefe two principles. 3. Much 
oxigene, and a fmall quantity of carbone. — Now we find 
thefe three flates in the three kinds of crude iron which we 
have diflinguiihed, as is proved by analyfis ; and, as we 
may judge by the fecondary proceffes, to correct thefe 
imperfections, or to convert crude iron to the malleable 
ftate. 

1. In the firfl: cafe, that iron which contains an excefs 
of carbone is agitated or ft irred as it flows out. It is kept 
a long time expofed to the action of the bellows, and the 
fmallell pofTible quantity of charcoal is made ufe of. We 
fee that in this procefs the propercft methods are ufed to 
facilitate the combuftion of this excefs of the carbonaceous 
principle. 

2. In the fecond cafe, that kind of iron in which the 
principles exift in accurate proportions, requires only the 
action of heat to unite and volatilize the two foreign prin- 
ciples. The crude iron is put into a flate of ebullition by the 
difengagement of the acid which is formed, and exhales. 

3. In the third kind, or that which contains oxigene in 
excefs, the bellows are urged lefs violently; and the metal 
is penetrated with coal in order to combine with the 
oxigene. Here therefore we fee theory and practice go 
together. The former explains the ufual manipulations, 
and affords us principles in cafes wherein experiment too 
frequently fails. 

Steel is a kind of iron which contains carbone only; and 
its exigence may be proved by all the experiments which 
have been mentioned as demonflrations that crude iron 
contains it. 

Carbone may be given to iron — 1. In the fufion of the 
ore. 2. Or, afterwards, by the cementation of iron with 
coaly fubftances. 

1. In fome parts of Hungary, and in the county of Fojx, 
iron ores are wrought which contain the metal nearly in 
the difengaged ftate ; and the caft iron, when duly ham- 
mered, affords iron and Heel in a greater or lefs quantity, 
according to the management of the fire, the quantity cf air 
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afforded by the tuyere, the quantity of coal made ufe of, 
and the nature of the ore. In this operation, the iron 
being fcarcely at all calcined in the ore, becomes charged 
wita coaly matter only, and the remit is fleel. 

2. If the coaly principle be combined with iron in a 
ductile (late, and deprived of all foreign matter, the com- 
bination being effected by cementation or otherwife, the 
iron will pafs to the (fate of fteel ; and the qualities of this 
{leei will vary according to the proportions of carbone. 
The purity of the iron, and the care which is taken to 
avoid the oxidation of the metal, eftablifh the various kinds 
of fteel which are met with in commerce. 

The nature and the principles of (leel being once admitted 
and eilabiimed, the following facts will explain themfelves. 

i. Since (leel contains no foreign principle but carbone, 
it is not iurpriiing that it remains uncnanged by a violent 
heat in clofe veiTels. 

2. Steel, repeatedly heated, and expofed while hot to a 
current of air, lofe its properties, and paiTes again to the 
Hate of foft iron. 

3. Steel kept plunged for a time in crude iron in which 
oxigene predominates, becomes itfelf converted into foft iron. 

4. Soft iron kept for a time plunged in crude iron, where- 
in carbone predominates, becomes converted into (leel. 

5. Iron, by paffing to the (late of (leel, increafes in 
weight one hundred and feventieth part. 

Ductile iron would be a very foft metal, if it were 
cleared of all foreign fubllances. 

From all thefe facts we may conclude — 1. That crude 
iron is a mixture of iron, carbone, and oxigene. 2. Thai: 
the products of crude iron are white, grey, or black, 
according to the proportions of oxigene and carbone which 
it contains. 3. That the (leel of cementation is merely a 
mixture of iron and carbone. 4. That (leel which is over- 
cemented, is an iron containing too large a quantity of 
carbone. 5. That iron would be a very foft metal, if it 
were not mixed with a greater or lefs quantity of oxigene 
and carbone. 

Forged iron is didinguiflied into foft iron, and eager or 
brittle iron, by us (the French) called Rouvrain. This 
lad has a coarfer grain than the other : it is divided into 
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red fliort iron, and cold fliort iron. The caufe of this 
phenomenon is known : it arifes from a phofphate of iron, 
Which was dif;overed by Bergmanm This celebrated 
chemifl conflantly obfervcd a precipitate to be formed in 
the folutions of cold fliort iron in the fulphnric acid. It 
was a white powder, which he called Siderite, and at firft 
fuppofed to be a peculiar metal ; but Mr. Meyer of Stetifl 
has proved that it is a true phofphate of iron. 

Soft iron does not afford it. All the irons of Champagne 

' >?d about a dram, or gtos, in the pound of iron. 

In order to obtain fiderite, it is necelTary that the folution 

fhould be faturated by a gentle heat on the fond bath. If 

the folution be made too quickly, the fiderite is then mixed 

with ochre, which alters its purity and whitenefs. 

A precipitate is formed, which takes place fo much the 
more fpeedily, as the folution is more diluted with water 
each time after filtration. The precipitate is formed in the 
firft three or four days; a fecond is obtained towards the 
fixth day ; and that which afterwards falls down is mixed 
with ochre. 

Siderite may likewife be obtained by diffolving iron in 
the nitric acid, and evaporation to drynefs. The iron is 
oxided by this firft operation. More nitric acid being poured 
on this refidue, diffolves only the fiderite, without touching 
the oxide of iron. A fecond evaporation mull then be 
made; and the refidue muft be diluted with water, to evapo- 
rate the lafl portions of nitric acid : and that which remains 
is fiderite. It is foluble in the fulphuric, nitric, and muria- 
tic acids, from which it may be precipitated by pouring 
into the folution as much alkali as is neceffary to faturate 
the acid folvent. If the alkali be added in excefs, ochre 
is then precipitated; and the refult is a phofphate, and a 
fait arifing from the union of the acid made ufe of and the 
alkali which has ferved for the precipitation. 

The fixed and volatile alkalis, and lime water, decora* 
pofe fiderite. It is likewife decompofed by projecting it 
upon fufed nitre. 

When it has been precipitated by ammoniac, cr 
may be obtained by evaporation, which when treated with 
powder of charcoal afford phofphorus. The ochreous 
precipitate affords iron by reduction; it is therefore a com- 
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bination of the phofphoric acid and iron. Every folution of 
iron is precipitated in the form of fiderite by the phofpho- 
.ric acid. 

The effect of the tempering of iron likewife defer ves 
the attention of the chemiii. I am of opinion that the 
hardnefs and brilliancy which iron acquires by this opera- 
tion, arifes from its integrant parts, which are feparated 
by the heat, being kept and left at a certain diltancc from 
each other by the Hidden cold, which drives out the heat, 
without bringing the conitituent principles of the mafs 
together. The iron is then more brittle, becaufe the affi- 
nity of aggregation is lefs. 

Iron is eafily oxided. A bar of iron which is heated a 
long time in the forge furnace, becomes oxided at its fur- 
face; and the coatings of metal which pafs to the ilate of 
oxide, are feparated from the mafs in the form of fcales. 
The mod degraded and the mod: altered metal, in the ilate 
when it is no longer attracted by the magnet, forms an 
oxide of a reddilh brown colour, known by the name of 
Aflringent Saffron of Mars, or the Brown Oxide of Iron. 

The colour of this oxide varies according to its degree of 
oxidation. It is yellow, poppy- colour, or red ; and is eafily 
reduced into a black powder, when heated with coaly matters. 

The combined action of air and water conftitutes a mar- 
tial oxide, known by the name of Aperitive Saffron of 
Mars. This compofuion is produced by the combination; 
of oxigenous gas and carbonic gas with the iron. The 
expofuion of the iron to a humid atmofphere mils it fpee- 
dily, and caufes it to pafs to the (late of aperitive faftroa 
of Mars. This preparation is a true carbonate of iron. 

Water likewife acts upon iron. If iron filings be put 
into this liquid, and be agitated from time to time, the 
iron becomes divided, and blackens; and by decanting the 
turbid water, a black powder is depofited, which is called 
the Martial iEthiops of Lemery, or the Black Oxide of Iron. 
It is a commencement of calcination effected by the air con- 
tained in the water; but more efpeciallyby the decompa- 
ction cf the water itfelf. 

The fixed and volatile alkalis, in the fluid (late, being 
digefted upon iron, oxide a flight portion, which falls 
down in the form of sethiops. 

3G 
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All acids act more or lefs upon iron. 

i. The concentrated fulphuric acid is decompofed by 
boiling upon this metal. If the mixture be dillilled to dry- 
nefs, the retort is found to contain fublimed fulphur, and 
a white mafs, partly foiuble in water, but incapable of 
cryftallization. 

But if the diluted fulphuric acid be poured upon iron, 
a confiderable effervefcence arifes in confcquence of the 
difengagement of hydrogenous gas. In this operation, the 
water is decompofed, its oxigene is employed to calcine the 
metal, while the hydrogene is difengaged; and the acid 
acts upon and diffolves the metal without being decompofed. 
This folution, when concentrated by evaporation, affords 
the fulphate of iron, which we have already treated of. 

2. The nitric acid is decompofed rapidly upon iron. 
The folution is of a red brown colour, and fufrers the ox- 
ide of iron to fall down at the expiration of a certain time. 
If new iron be plunged in this folution, the acid dilTolves 
it, and lets fall the oxide which it held in folution. 

If the folutions be concentrated, martial ochre of a 
red brown colour falls down. If the concentration be 
carried ftill further, a reddifh jelly is formed, which is 
partially folublc in water. 

Iron precipitated from its folution by the carbonate of 
pot-afhj is eafily diffolved by the fuperabundant alkali, and 
forms the martial alkaline tinfture of Stahl. 

Mr. Maret has propofed to precipitate the iron by the 
cauftic alkali, to make the sethiops immediately. Mr. 
Darcet, in rendering an account of the procefs of Mr. 
Maret to the Royal Society of medicine, has propofed that 
of Mr. Crohare, which confifls in boiling upon the iron 
water acidulated with the muriatic acid. 

Mr. De Fourcroy made a courfe of experiments upon 
the martial precipitates, which throws much light upon the 
caufes of the aftoniming varieties obferved in them. He 
has proved that the whole depends either on the nature of 
the acid, or the manner of operating at the time of making 
thefe precipitates, or the quality of the precipitant. 

3. The diluted muriatic acid attacks iron with vehe- 
mence. Hydrogenous gas is difengaged, which arifes from 
the decompofuion of the water. If the folution be concea* 
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trated, and left to cool when it is of the thicknefs of fyrup, 
a magma is formed; thin, flattened cryftals are perceived, 
which are very deliquefcent. The muriate of iron, diftil- 
led in a retort by the Duke d'Ayen, exhibited very lingua 
Jar phenomena. The firft product was an acid phlegm. 
At a ftronger heat, a non-deliquefcent muriate of iron fub- 
3, at the fame time that very tranfparent cryftais rofe 
to the roof of the retort, in the form of the blades of razors, 
which decompofed the light in the fame manner as the belt 
prifms. At the bottom of the retort there remained a 
ftyptic deliquefcent fait, of a brilliant colour, and a foliated 
appearance, which exactly refembled the large plated talc, 
improperly called Mufcovy Glafs. This lalt fait expofed 
to a violent heat, afforded a fublimate more aftonifhing 
than the former products. It was an opake fubftance, 
truly metallic, which exhibited fe£tions of hexahedra! 
prifms, polillied like ileel. It was iron reduced, and fub- 
limed. 

4. It was long fmce known that iron is precipitated 
from its folutions by vegetable aftringent fubftances; 
the black dyes, and the fabrication of ink, are founded 
on this known fact. But it v/as not till lately that an acid 
has been proved to exifl in thefe fubftances, which combi- 
ned with the iron, and which may be obtained from alf 
thefe aftringent vegetables, either by fimple diftlllation, or 
by mere digeition in cold water. The moll fimple procefs 
js the following : 

Infule one pound of powder "of nut-galls in 2± pints of 
pure water. Leave the mixture together for four days, 
frequently fhaking the infufion. Then filter, and leave 
the fluid in a veffel limply covered with blotting paper. 
The liquid becomes covered with a thick pellicle of rnould- 
inefs, and a percipitate falls down in proportion as the infu- 
fion evaporates. Thefe precipitates collected, and diflblv- 
ed in boiling water, form a liquor of a brown yeilow colour, 
which, evaporated by a gentle heat, depofitS' — 1. A pre- 
cipitate which refembles fine fand. 2. Cryftals difpofed 
in the form of a flar. This fait is grey; and it is impoffi- 
t>le to obtain it of a. whiter colour by any repetition of 
folutions and crystallizations. 
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It is an acid which effervefces with chalk, and reddens 
the infufion cf tufnfole. 

Half an ounce of this fait is foluble in an ounce and a 
halt of boiling water, or twelve ounces of cold water. 

ling fpirit of wine diffolves its own weight of this 
acid; but cold fpirit diffolves only one-fourth. 

This fait is inflammable in the fire. It melts, and leaves 
a coal of difficult incineration. 

When this acid is diftilled in a retort, it becomes at firft 
fluid, gives out an acid phlegm, but no oil; and, towards 
the end, a white fublimate rifes, which attaches itfelf toi 
the neck of the retort, and remains fluid as long as it is 
hot, but afterwards cryflallizes, Much coal is found 
in the retort. The fublimate has nearly the lafte and 
fmell of acid of benzoin, is as foluble in water as in 
fpirit of wine, reddens the infufion of turnfole, and preci- 
pitates metallic fclutions with their different colours, and 
iron black. 

The folution of the fait of the nut-gall, poured into a 
folution of gold, renders it of a dark green; and precipi- 
tates a brown powder, which is gold revived. 

The folution of filver becomes brown; and at length 
depofitg a grey powder, which is revived filver. 

The folution of mercury is precipitated of a yellow 
orange colour. 

The folution of copper affords a brown precipitate. 

The folution of iron becomes black. 

The folution of the acetite of lead is precipitated white, 

This fait is changed into the oxalic acid, if the nitric acid 
be diftilled from it. 

The bafis of ink confifts of a folution of iron by the gal- 
lic acid. To make good ink, take one pound of nut-galls, 
fix ounces of gum arabic, and fix ounces of green copperas, 
■with four pints of common water. The nut-galls muft be 
"bruifed, and infufed for four hours without boiling. The 
pounded gum mud be firft added, and fuffered to diffolve; 
and, lauly, the copperas, which immediately converts the 
v iluid to a black colour. Lewis, of the Royal Society of 
London, made many refearches on this iubject; but he 
always returns to the forementioned fubfl ances. Powdered 
ftor is fometimes added., to render the ink (Lining, 



Bif co-very of P ruffian Blue. 37 l 

5. The vegetable acid likevvife diiTolves iron with faci- 
lity. It is this which holds the metal fufpended in vegeta- 
bles ; and it may be precipitated from wine in the form of 
sethiops, by the means of alkalis. 

Cream of tartar, or the, acidulous tartrite of pot-afli, 
Iikewife diiTolves iron; and the various degrees of concen- 
tration of thisfolution forms the foluble martial tartar, the 
aperitive extract of Mars, and the balls of Nancy. 

7. The folution of iron, by the oxalic acid, affords prif- 
matic cryftals of a greenifh yellow colour, and a fcmewhat 
aflringent tafle, foluble in water, and efflorefcing by heat. 

8. Iron, dilTolved by the pruilic acid, forms Prufiian 
blue, or the prufliate of iron. 

A fingular miftake gave rife to the difcovery of this fub- 
fiance. Diefbach, a chemift of Berlin, being defirous of 
precipitating a decoction of cochineal with fixed alkali, 
borrowed of Dippel an alkali upon which he had feveral 
times diftilled animal oil ; and as the decoction of the cochi- 
neal contained fulphate of iron, the liquor immediately 
afforded a beautiful blue. The experiment being repeated 
was followed with fimilar refults; and this colour became an 
object of commerce, under the name of PruHian Blue. 

Prufiian blue was announced in the Memoirs of the 
Academy of Berlin in the year 17 10, but without any 
account of the procefs, which was kept a fecret until other 
chernifls difcovered it. The procefs was rendered public 
in the year 1724, in the Philofophical Tranfaclions, by 
Woodward ; who declared that he had received it from 
one of his friends in Qermany. 

To make Prufiian blue, four ounces of alkali are mixed 
with the fame weight of dried bullocks blood and the mix- 
ture expofed in a crucible, which is covered in order to 
ftifle the flame ; the fire is kept up until the mixture is con- 
verted into a red-hot coal. This charcoal is thrown into 
water which is afterwards filtered, and concentrated by 
evaporation. The liquor is known by the name of the 
Phlogiflicatcd Alkali. On the other hand, two ounces of the 
fulphate of iron and four ounces of the fulphate of alumine 
are dilTolved in a pint of water. The two folutions are 
mixed, and a blueifh depofition falls down, which is rendered 
{till more intenfely blue by wafhing it with muriatic acid, 
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is the procefs ufed in chemical laboratories ; but 
in the works in the large way another method is followed. 
Equal parts, of the rafpings of horns, clippings of fkins, or 
other animal fubftances, are taken and converted into 
charcoal. Ten pounds of this coal are mixed with thirty- 
pounds of pot-aih, and the mixture is calcined in an iron 
veffel. After twelve hours ignition, the mixture acquires 
the form of a foft pafte, which is poured out into veffels 
of water. The water is then filtered; and the folution mixed 
with another, confiding of three parts of alum, and one of 
Late oJ iron, 

I have likewife made Pruffian blue by calcining and 
burning in the lame veffel equal parts of the fhavings of 
horns and tartar. I received the animal oil and the ammo- 
niac, afforded by the calcination of thefe fubftances in large 
cafks, which communicated with each other, and formed 
an apparatus after the manner of Woulfe. 

It has likewife been obferved that the tips of the thyme, 
the fun-flower, and feveral other vegetable fubflances, 
when treated with alkali, communicate to it in a certain 
degree, the property of precipitating iron of a blue colour. 

Much reafoning has been exhibited on the etiology cf 
this phenomenon. MefTrs. Brown and GeofTroy confidered 
Pruffian blue as the phlogiftcn of iron, developed in the, 
lixivium of blood. The abbe Menon imagined that the 
colour of iron was blue, and that the phlogillicatcd alkali 
precipitated it in its natural colour. 

Mr. Macquer refuted the opinion of his predecefu 
the year 17^2 ; and propofed a fyftem, in which he c 
r's Pruflian blue as iron fuperfaturated with phlo- 
>n. This Ikilful chemift proved that the blue is not 
ibluble in any refpeft in acids ; and that the alkalis are 
capable of diffoiying the colouring matter of the Pruffian 
blue, and of becoming faturated with it to filch a degree 
as to be no longer capable of effervefcing. 

Mr. Sage affirmed that the iron was faturated with the 
phofphoric acid ; and the celebrated Bergmann likewife 
fufpected the exiftence of fome animal acid, as is pro 
by his notes on the leffons of chemiftry of Scheffer. But 
as referved to the celebrated Scheelc to convert tl 
ns into certainty. 
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He has proved that the lixivium of blood, expofed for a 
certain time to the air, lofes the property of precipitating 
iron of a blue colour ; and he has lliewn that this circunv 
ftance depends on the carbonic acid of the atmofpliere, 
which di (engages the colouring part. By adding a fmall 
quantity of fulphate of iron to this lixivium, it is no longer 
changed in confequence of its remaining in the carbonic 
acid. By Boiling this lixivium upon an oxide of iron, it 
is likewife no longer capable of change in the carbonic acid. 
The iron has therefore the property of fixing and retaining 
the colouring principle ; but it is neceilary that it Ihould 
not be in the date of oxide. 

, Pruffian blue, treated in the way of didillation with the 
fulphuric acid, permits a fluid to efcape that holds the pruf- 
fic acid in folution, which may be precipitated upon iron. 

TheprocefTes of Scheele, to obtain this acid in a ftate of 
purity, confid in putting two ounces of pulverifed PruiTiaa 
blue into a glafs cucurbit, with one ounce of red precipi- 
tate, and fix ounces of water. This mixture is to be boiled 
for fome minutes, continually dirring it. It then alrumes 
a yellow colour inclining to green. The fluid being filtered, 
two ounces of boiling water are to be thrown on the refidue. 
This liquor is a pruiliate of mercury, which cannot be de- 
compofed either by alkalis or acids. The folution is then 
poured into a bottle, in which an ounce of newly-made 
filings of iron is put : three gros of concentrated fulphuric 
acid are to be added, and the whole agitated ftrongly for 
feveral minutes. The mixture becomes perfectly black by 
the reduction of the mercury; the liquor lofes its mercurial 
tafte and exhibits that of the colourinp" lixivium. Alter 
fullering it to dand at reft for a time, it is decanted, put 
into a retort, and diftilled by a gentle fire. The colom 
principle paries firft, becaufe more volatile than water. The 
operation mud be put an end to, as foon as one quarter of 
the liquor has palled over. As this product contains a fmaii 
quantity of fulphuric acid, it may be cleared of it by re- 
diftilling it from pulverized chalk by a very gentle fire. 
The pruffic acid then comes over in a date of the greatefl 
purity. Scheele recommends that the veffels be well lured, 
becaufe the acid would otherwife efcape on account of its 
great levity. It is evea of advantage to put a Imali quantity 
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of water into the receivers, to abforb the acid ; and it would 
likewife be very proper to furround them with pounded ice. 

This acid has a particular fmell, which is not difagree- 
ble ; and its tafte is fweet. 

It dees not redden blue paper j but renders the folutions 
of foap and of "the fulphure of alkali turbid. Mr. Weftrumb 
pretends that the pruffic acid is the fame as the phofphoric • 
for he obtained iiderite from Pruffian blue, and formed 
animal earth by mixing the lixivium of blood with a fola- 
tion of calcareous earth. 

The folution of iron in the prulTic acid affords Pruffian 
blue. We are indebted to Mr. Berthollet for a very inte- 
resting feries of experiments upon the pruihe acid, and its 
combinations. 

The oxide of iron is capable of exifling in two different 
ffates in combination with the pruffic acid. If the oxide 
predominates, the combination is yellowim ; but if its pro- 
portion be lefs, the product is Pruffian blue. All the acids 
are capable of diffoiving the portion or furplus of oxide 
which conftitutes the difference between the firft and fecond 
combination. 

The pruffiate of pot-afh contains oxide of iron. If an 
acid be poured in, this oxide is diffolved, and is precipita- 
ted by double affinity in the form of Pruffian blue. The 
pruffiate of pot-afh made by a gentle heat, afterwards eva- 
porated to drynefs, then re-diffolved, and filtered, no lon- 
ger affords the blue upon the addition of acids. It cryftal- 
irrcs in fquare plates with their edges cut flantways, form- 
ing octahedrons, whofe twooppofite pyramids arc truncated. 
This folution of the pruiTrate of pot-am, when mixed with 
thefulphuric acid, depofits Pruffian blue, if it be expofed 
to the folar light, or to a firing rent. . In thefe procefles 
the pruffiate of alk&li may be entirely decompofedj the 
pruffiate of iron, when precipitated by the action of the 
alkaline pruffiate, carries down with it a notable proportion 
of alkali, of which it may be cleared by warnings, which 
contain thealkiiine pruffiate. It is the fame with regard 
to precipitations by the pruffiates of lime and ammoniac. 

Theprufiiate of mercury cryflaliizes in tetrahedral prifms, 
terminating in quadrangular pyramids, whofe planes anfwer 
to the angles of the primes. Iron in its metallic hate decom- 
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pofes the pruffiate of mercury, and deprives it both cf its 
oxigene and its acid. The oxide of mercury likewife de- 
compofes the pruffiate of iron and feizes its acid. The 
pruffiate of mercury is but imperfectly decompofed by the 
fulphuric and muriatic acids. Thefe acids form trifules, 
or triple falts, with it. The precipitate of the nitrate of * 
barytes by the pruffic acid, is not the compound which 
Bergmann fuppofed it to be, but is merely a trifule. 

The pruffic acid readily precipitates alumine from its 
nitric folution ; the alumine neverthelcfs yields its pruffic 
acid to iron. 

The oxigenated muriatic acid, when mixed with the 
pruffic acid, is again converted to the ftate of common mu- 
riatic acid : the pruffic acid affumes a more lively fmell, 
becomes more volatile, is deprived of its affinity to alkalis 
and lime ; it precipitates .iron of a green colour ; and the 
^cti\ becomes blue if the precipitates be expofed to light, 
or if it be treated with the fulphureous acid. 

The pruffic acid, impregnated with the oxigenated muri- 
atic acid, and expofed to light, aiTumes the fmell of an 
aromatic oil, is collected at the bottom of the water in the 
form of an oil which is not inflammable, and rifes in vapour 
by a gentle heat. By repeating this procefs it may be 
totally decompofed ; and then this fpecies of oil becomes 
concrete, and is reduced into cryflals. 

The acid appears to have undergone a partial combuflion 
in this operation ; at lead the light and the fulphureous 
acid do not reflore it but by depriving it of oxigene. The 
oxigenated pruilic acid, mixed with lime or a fixed alkali, 
becomes totally decompofed. Volatile alkali is difen- 
gaged ; and if the alkali was very cauftic, fuch as the 
alcohol of pot-afh, it becomes effervefcent. 

The pruffic acid of Scheele is only decompofed in part 
by this procefs ; whence Mr. Berthollet concludes that it 
is compofed of hydrogene, nitrogene, and carbone. 

Thefe experiments do not prove that oxigene exifls in 
this acid. The water affords that which enters into the 
carbonic acid, produced by the difliilation of the pruffic 
acid. Pruffian blue takes fire more eafily than fulphur, 
and detonates flrongly with the oxigenated muriate of pot- 
a i\\. The pruffiate of mercury detonates (till more (Iron 

3H 
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with the nitrate of mercury. The gas of thefe detonations 
lias not yet been collected. The pruffic acid, combined 
with alkali and the oxide of iron, cannot be feparated by 
any acid without intervention of heat or light ; and when 
it is difengaged, it is no longer capable of feparating iron 
from the weakeft acid, unlefs it be in the way of double 
affinity. Mr. Berthollet thinks that the elaftic ftate of this 
acid diminifhes this affinity; and that it is neceffary, in 
order that it may eafily enter into combination, that it 
fhould have loft fome of its fpecific heat. It is this which 
renders the oxigenated acid fo feeble. 

Prufiian blue afforded me, by diftillation, in the ounce, 
one gros twenty-four grains of ammoniac, thirty-fix grains 
of the carbonate of ammoniac, four gros twelve grains of 
oxide of iron, or alumine, and one hundred and iixty-four 
inches of hydrogenous gas burning with a blue flame. 

The ammoniac comes over in combination with a fmall 
quantity of the colouring principle, which it takes up, and 
holds in folution : the fulphuric acid renders this vilible. 

Ammoniac heated upon Prufiian blue decompofes it, by 
feizing the colouring matter. 

Lime-water digefted upon Prufiian blue diffolves the 
colouring principle by the afliftance of a gentle heat ; the 
combination is rapid, and the water acquires a yellow colour. 
By filtration, the liquor paffes of a fine bright yellow, no 
longer converts fyrup of violets to a green, and is no longer 
precipitated by the carbonic acid. It appears to be com- 
pletely neutralized, and affords an exceedingly fine blue, 
when poured into a folution of the fulphate of iron. The 
prufhate of lime has been propofed, by Meflrs. Fourcroy 
and Scheele, as the mo ft accurate means of ascertaining 
the prefence of iron in any mineral water. 

The pure fixed alkalis immediately difcolour PrufTian 
blue in the cold. This combination produces heat ; and 
the pure alkalis ought to be preferred to the carbonates 
of alkali in experiments of this nature. 

Magnelia likewife feizes the colouring matter of PrufTian 
blue ; but much more weakly than lime-water. 

A mixture of equal parts of fteel filings and nitrate of 
pot-afh, thrown into a crucible ftrongly ignited, detonates 
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at the end of a certain time, with the difengagement of a 
confideiablc quantity of very bright fparks. The refidue, 
when wafhed and filtered, affords an oxide of iron of a yel- 
lowiih. colour, known by the name of Zwelfer's Saffron of 
Mars. 

Iron decompofes the muriate of ammoniac very well. Two 
gros of fteel filings, and one gros of this fait, afforded Mr. 
Bucquet, by diftillation in the pneumato-chemical apparatus 
over mercury, fifty-four cubic inches of an aeriform fluid ; 
half of which was alkaline gas, and the other half hydro- 
genous gas. 

This decompofition is founded on the flrong action of 
the muriatic acid on iron. 

One pound of the muriate of ammoniac in powder, and 
one ounce of fteel filings, fublimed together, form the 
martial flowers, or Ens Martis. Thefe flowers confiffc 
merely of the muriate of ammoniac, coloured, and rendered 
yellow by an oxide of iron. 

The oxide of iron decompofes the muriate of ammoniac 
much better. This is an effect of double affinity. The 
ammoniac which rifes is fometimes effervefcent. 

A mixture of good filings of fteel and fulphur, moiftened 
with a fmall quantity of water, becomes heated in the courfe 
of feveral hours. The water is decompofed, the iron rufts, 
the fulphur is converted into acid, the hydrogenous gas of 
the water exhales, and the heat is fometimes fufficient to 
fet the mixture on fire. This phenomenon conflitutes the 
volcano of Lemery. 

There is the ftrongeft analogy both in the phenomena 
and effects of the inflammation of this volcano, and the 
decompofition of pyrites. 

Sulphur combines eafily with iron by fufion, and then 
forms a true martial pyrites. 

Iron may be alloyed with feveral metallic fubftances ; 
but the only alloy which is ufed in the arts is that which 
it contracts with tin, to form white iron, or tin plates. 

To form the tin plates (commonly known by the name 
of Tin in England), the fofteft iron is chofen, which is 
reduced into very thin plates. Care is taken to polifh or 
clean the furface very well ; and this is done in feveral 
ways. The pieces are rubbed with fand-flone, and after- 
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Wards kept for three times twenty-four hours in water, 
acidulated by the fermentation of malt, turning them from 
time to time. They are afterwards cleaned, dried, ana" are 
then ready for tinning. Sal ammoniac is likewife ufed iu 
fomc manufactories. For this purpofe the plates aredifpofed 
in a chamber, in which a certain quantity of fill ammoniac 
is volatilized. The fait forms a covering over the whole 
ibrface of every plate, and pofleffes the double advantage 
of clearing it from ruft:, and affording the coaly principle 
ueceffary to prevent the calcination of the metal. 

When the iron is well cleared, the plates are plunged 
vertically into a bath of tin, whofe furface is covered with 
pitch, or tallow. They are turned in the bath ; and when 
taken out they are wiped with faw- duft, or bran. 

The ufes of iron are fo very extenfive, that there are 
Few arts which can be praftifed without it. It is with juftice 
confidered as the foul of all the arts. Some of its ores are 
ufed in their native Mate \ fuch as the haematites, which is 
made into burnimers. 

The fulphate of iron is the bafis of all black colours, 
inks, &c. 

The ochres are ufed by painters, under the name of 
Umber ; and the brown red has the mod: extended ufe. 
With us (in France) it is applied to give a colour to brick 
pavements, to paint our doors and windows, to fmear our 
cafes, an4 to fecure them from decay and infects in fea 
voyages. 

Caft iron is ufed to make boilers, chimney-grates, 
i thsj pots, &c. The inltruments of agriculture are made 
■ his metal : ft eel is ufed not only as fteel ; but its hard- 
nefs renders it proper to cut and work the other metals. 

The magnetical. property of iron has led to the difcovcry 
of the mariner's compafs ; and this metal, if it were pro- 
ductive of no other advantage to mankind, would on that 
account be entitled to their greatefi attention. 

Fruffian blue is an agreeable colour, greatly deemed, 
and much uftdo 

Iron likewife furnifhes the art of medicine with remedies 
. the only metal which is not noxious ; and it has fuch 
an analogy with our organs, that it appears to conftitute. 
one of the elements of the human fran-e. lis effects ia 
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general confid in ftrengthening the ftomach ; and it appears 
to poflefs the property of parting in the circulation under 
the form of aethiops. The valuable experiments of Mr. 
Menghini, publifhed in the Memoirs of the Inftitute of 
Bologna, have proved that the blood of perfons who take 
martial remedies is thicker, and contains more iron. Mr. 
Lorry obferved that the urine of a fick perfon, to whom 
he adminiitered iron in a ftate of extreme divifion, wa: 
manjfeftly coloured with the nut-gall. 



CHAPTER XI. 
Concerning Copper. 

CHOPPER is a reddifti metal, hard, elaftic, fono- 
rous, and affording a difagreeable fmell by friction. Its 
tafte is ftyptic, and naufeous. One cubic foot of copper 
weighs five hundred and forty-five pounds. The fpecific 
gravity of caft copper not hammered is 7,7880. — Briffon. 

The alchemiits diftinguifhed this metal by the name of 
Venus, on account of the facility with which it unites and 
is alloyed with other metals. 

It may be reduced into very thin leaves, and drawn into 
very fine wire. The tenacity of this metal is fuch, that a 
wire of one tenth of an inch in diameter, is capable of 
fupporting a weight of two hundred and ninety-nine pounds 
four ounces, without breaking. 

This metal is capable of affecting a regular form. The 
abbe Mongez obferved it in folid quadrangular pyramids, 
fometimes inferted into each other. 

Copper is found in various forms in the bowels of the 
earth. 

1. Native copper. — This copper exifts fometimes in 
leaves in a gangue of quarts. It is likewife found in 
compact; maffes at Japan. There is one of thefe pieces in 
the royal cabinet, which weighs ten or twelve pounds. 

Native copper is ufually diffeminatcd in a brownifh mar- 
tial earth, fufceptible of a polifli. When this ore is rubbed 
frith a flint, the traces appear of a beautiful eppper-eel 
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Ores of this kind are found at Kaumfdorf in Thurlngia.— ^ 
§age, Analyfe Chimique, t. iii. p. 205. 

We have likewife found native copper at Saint Sauveur. 
It has the form of nodules refembling ftalaftites. Moft of 
the native coppers appear to be formed by cementation, or 
by the precipitation of this metal diffolved in an acid, and 
thrown down by martial falts. 

Mr. Sage thinks that this metal may likewife be precipi- 
tated from its folutions by phofphorus. To effecl, fays he, 
the precipitation of copper by phofphorus, twelve grains 
of this metal are to be diffolved in half a gros of nitric acid. 
The folution mull be poured into half a pint of diflilled 
water, into which a cylinder of phofphorus, two inches' 
long, weighing forty-eight grains, mud be plunged. The 
furface becomes almofl immediately black, and is covered 
with particles of copper poffelling the metallic colour and. 
brilliancy. At the end of feveral days, oftahedral cryflals 
are feen, whofe infertions into each other produce elegant 
dendrites; and at the end of ten days the twelve grains of 
copper are completely reduced, as is proved by pouring 
ammoniac into the water. If it do not exhibit a blue 
colour, it is a proof that the fluid contains no copper. 

2. Copper mineralized by fulphur forms the yellow ore 
of copper. 

This ore is of a golden colour, and the ignorant are 
often deceived by its flattering appearance. It contains a 
larger quantity of copper in proportion as the fulphur is lefs 
in quantity, and gives fewer fparks with the fteel. It fome- 
times cryilallizes in beautiful octahedrons. I poflefs two 
fpecimens covered over with trihedral pyramids of near an 
inch long, and between four and five lines in diameter at 
the bafes. 

When the fulphur is fo abundant that the proportion of 
copper will no longer pay for the working, the ore is cal- 
led Marcafite. The marcafite cryilallizes in cubes or in 
octahedrons, which eafily effiorefce. 

The yellow copper ore is found in various dates accord- 
ing to the courfe of its decomposition. The firft impreilion 
of hepatic vapours colours the furface in a thoufivnd fhades, 
in which (late it is known by the name of Peacocks Tail, 
pigeons Neck, ccc. 
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The laft degree of alteration of this ore, effe&ed by the 
iimple difengagement of fulphur, forms the hepatic copper 
ore. The -yellow colour is then converted into an obfeure 
brown colour: this ore appears then to contain no other 
principles but water, copper, and iron, which laft is always 
more or lefs abundant in thefe ores. 

The yellow copper ore iometimes forms fulphate of cop- 
per in its decompofition. This -ililt is diffolved in water, 
and forms fprings more or lefs loaded with it, from which 
the copper may be obtained by cementation. Old iron is 
thrown into the water; the copper is precipitated, and the 
iron takes its place. In this way it is obtained in Hungary, 
and we might life this ceconornical procefs in feveral parts 
of our province. I have flalactites in my collection, fent 
me from Cevennes, which are coloured blue by a very 
confiderable quantity of copper. In Gevaudan, at half a 
quarter of a league from St. Leger de IVy'i e, feveral fprings 
of water impregnated with copper are found, which run 
into a valley. The inhabitants of this canton drink a giafs 
of the water occasionally as a purgative. 

The lkeletons of animals are fometimes found in copper- 
mines penetrated with that metal. Swedenburg has given 
an engraving of the figure of the fkeleton of a quadruped 
taken out of a copper-mine, and colouied by that metal. 
In the royal cabinet there is a human hand, green at the 
extremity of the fingers, the mufcles of which are dried, 
andgreenifli. According to the report of Mr. Level, con- 
ful of mines, there was found at Fahlun in Sweden, in the 
great copper mine, a human carcafe, which had remained 
there forty years, with the flefh and bones entire, without 
corruption, and without emitting any fmell. The body 
was clothed, and entirely incrufted with vitriol. — Acta. 
Literaria Suec. tri. i. anno 1722, p. 250. 

The turquoife ftones are merely bones coloured by the 
oxides of copper. Mr. De Reaumur, in the year 1725, 
gave an account to the Academy of the turquoifes found in 
Lower Langucdoc. The colour of the turquoife frequently 
becomes converted into green, which depends on the alter- 
ation of the metallic oxide. The turquoife of Lower Lars 
guedoc emits a fetid fmell by the action of (he, and r> 
decompofed by acids, The turquoife of Pruffia emits n« 
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fmell, and is not attacked by acids. Mr. Sage fufpe&ed 
:hat the oifeous part is agatized in thefe laft. 

3. Grey copper ore.- — The copper is mineralized by 
arfenic. It has a grey colour, and an appearance nearly 
vitreous. It ufually contains filver; aftd-, when wrought 
to extracl this precious metal, it is called the Grey Silver 
Ore. It affects a tetrahedral form ; and arfenic is the mod 
predominant of its principles 1 , 

4. The grey antimonial copper ore.- — This differs from the 
former, becaufe it contains fulphur and antimony, and is 
much more difficult to be wrought. When expofed to the 
fire, it becomes as fluid as water; the fulphur is volatilized 
with the antimony and the arfenic. The refidue of the 
torrefa&ion is a mixture of the antimony and copper, and 
fometimes it contains filver like wife. 

5. Copper ores, in their decompofition, are reduced to 
a more or lefs perfect Hate of oxidation. The carbonic acid 
frequently unites to the metal, and becomes the minerali- 
zer. This fubftance is known by the name of Mountain 
Blue, Azure of Copper, Mountain Green, Malachite. 

A. The azure of copper cryftallizes in rhomboidal tetra- 
hedral prifms, rather flattened, terminating in dihedral 
fummits: thefe cryftals are of the mofl beautiful blue; they 
are frequently altered by expofure to the air, and become 
converted into malachite. 

Mr. Sage has imitated the azure, both in the form and 
colour, by difTolving copper, in the cold, in water fatura- 
ted with carbonate of ammoniac. When the azure of 
copper is of a lefs brilliant colour, and in the pulverulent 
form, ft is called Mountain Blue. 

B. The malachite, cryftallized in octahedrons, has been 
found in Siberia. This ore is frequently ffriated, formed 
into fmall tufts of a filky appearance, or in very clofe paral- 
lel fibres. The malachite is frequently covered with pro- 
tuberances. This figure appears to announce that it has 
been formed in the lame manner as the ftala&ites. 

Mountain green differs from the malachite only in its 
pulverulent form, and the mixtures which alter it. The 
alterations of the copper ores, 2nd native copper likewife, 
produce a cupreous oxide, which bears the name of Red 
Copper Ore. The mine of Predanah, in thf county 01 
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Cornwall, has .afforded the fined fpecimens of red copper 
ore, The metal i^ nearly in the metallic ihite, and has 
the form of o&ahedral cryftals. The granular red copper 
ore differs from this only in its figure. It fomfetimes has a 
brown martial earth for its gangue. 

The azure, the malachite, and the red copper require 
no other procefs but mere fufion with coal to convert them 
into metal ; the other kinds require to be cleared of their 
mineraliztr by torrefaelion, and afterwards to be fufed with 
three parts of black flux. 

Toaffay a fulphureous copper ore, Mr. Exchaquet pro- 
poses to make two gros of the crude ore, and one of the 
nitrate of pot-afh; which, after pulverization, are to be 
detonated in an ignited crucible. The matter becomes 
hard after the detonation; upon which the fire is to be 
increafed and kept up, in order that the fulphur may be 
dilfipated. The fire is then to be flill more itrongly urged, 
until the ore enters into fufion ; and a mixture of half an 
ounce of tartar, one quarter of an ounce of fait, and a 
fmall quantity of charcoal, is to be added in equal portions. 
An effervefcence takes place at each proje&ion of the mix- 
ture. The fire is then to be Hill more flrongly raifed, and 
the crucible covered, and kept in this ftate for half an hour, 
in order that the copper may flow into a mafs. In this 
way a very malleable button of copper is obtained. 

The working of copper ores varies according to their 
compofition. But, as the fulphureous ores are mod com- 
monly wrought, we (hall confine ourfclves to the procefs 
which is moil fuitable to their nature. 

The metal is firft picked or forted; afterwards pounded 
in a mill, and wafhed, to feparate the gangue, and other 
foreign fubflances; it is then roafled, to drive oif its mine- 
ralize:"; and afterwards fufed in the blaft furnace. The 
refill t of this firft fufion is black copper; which is again 
fufed in the refining furnace, to difiipate all the fulphur 
which has with flood the preceding operations. When it 
is very pure, it is poured into a broad veffel, or ted; a 
fmall quantity of water is thrown on its furface, which, being 
by that means cooled, feparates from the reft, and is taken 
up. This is the copper in rofettes, which is taken to the 
hammer to be beat into proper form. The feveral opera- 
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arc different in various places. In Come countrie?, 
the ore is roafted as often as eight times; in others, one or 
two arc fufficient; and in fonie places it is not roafted at all. 
This variety depends — -i. On the variations of practice' 
thofe who roaft but little, employ more time and care in 
the fufion and refining. 2. On <the nature of the ore: 
when it is rich in iron, the roaftings arc neceffary to difc 
pofe this metal to fufion. 

The method of roafting is likewife prodigioufly varied. 
Pieces of the mineral are femetimes heaped up on a bed of 
combuftible matter, and in this manner the calcination is 
performed; but, when this ore abounds with fulphur, it 
he extracted by the ingenious proct is ufed at St. Bcil ? 
and defcribed by Meffrs. jars in their excellent work. 

The fufion is commonly performed in the blaft furnace ; 
but at Briltol, in England, the ore is roafted in a reverbe- 
ratory furnace, and fufed into bl ler. 

'I'iie refining furnace conftructed at St. Bell, by Meflrs. 
Jars, appears to me to be one of the belt. They have 
publithed an excellent defcription of it, which may be 
confulted in their Mineralogical Travels. The refining of 
copper coniifts in depriving it of the fulphur and iron 
which it may ftill retain. The fulphur is diifipated by fire, 
and bellows properly directed ; and the iron is fcorified 
by the affiftance of fome pounds of lead fufed with the 
copper. The fkiiful mineralogifts whom I have juft 
quoted.,; fe of a reverberator)' furnace, lined with char- 

coal; and fufe and fkum their copper, without ufing lead. 
When the copper contains a fufficient quantity of filvcr 
to admit of extraction, the following procefs is ufed: — 
1. Seventy-live pounds of copper are fufed with two hun- 
dred and feventy-five of lead. The alloy is caft into flat 
pieces, which are called Loaves of Liquation. 2. Thefe 
loaves are expo fed to a heat fufficient to fufe the lead, 
which carries the filver with it, and leaves the copper, 
which, on account of its being more difficult , to fufe, retains 
the original form of the' loaves; and is everywhere pene- 
trated by the interftices through which the fufed metal 
made its efcape; thefe are called Dried Loaves of Liqua- 
tion. 3. They are carried into a fecond furnace, where 
they are expofed to a ftronger heat, to deprive them of the 
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final! qnam ity of lead which they fliil J 4- The ! 

is afterwards taken to the cupel, where it is fufed, and 
{Separated from all the fifoe'r it had taken up. 

Copper is altered by long expofure to the air. Its fur- 
face becomes covered with a greenifh coating, which is 
very hard, and known to the antiquarians under the i:. 
of Patin. This is the feal which attefts. the annuity of 
flatties and models covered with it. 

Copper, expofed to the fire, becomes blue, yellow, and 
at lad violet. * It does not flow until it is ftrongly ignited. 
When in coritacl: with the coals, it gives a blue grecnifh 
tinge to the flame; and, if it be kept a long time in fuCon, 
part of it is volatilized. 

When copper is heated in cental with air, it burns at 
its furface, and becomes changed into a blackifh red oxide. 
This qxide may be feparated by finking the plate which has 
been ignited, or by plunging it in water. When the 
oxide has been pounded, and more ftrongly calcined, it 
affumes a brown red colour, and may be converted into a 
glafs of a brown colour by a more violent heat. 

i. The fulphuric acid only acts on copper when concen- 
trated, and very hot. It then diffolves it, and eafii , ai 
blue cryftals of a rh'omboidal form. The fulphate of cop- 
per is known in commerce by the name of Blue Vitriol, 
Cyprian Vitriol, Blue Copper, &c. 

Two methods are ufed to make the fulphate of copper 
which is met with in commerce. The firft coniifls in c 
ning the cupreous pyrites, and caufing them to efflorefce; 
in order to develop the fait, which is then extracted by lixi? 
ion. The fecond coniiits in forming this pyrites arti- 
ficially, burning it, and lixiviating it, to. extract the fait. 
This fait poffeffes a very flrong flyptic tafte. It is eafily 
fufible by heat, which diflipates its water of cryftallization, 
and changes its colour to a blueifh white. The fulpb 
acid may°be extracted by a very flrong fire. Time and 
magnefia decompofe this fait; and the precipitate is of a 
leifll white colour. If it be dried in the open air, it be- 
les green. Ammoniac likewife precipitates the copper 
inawlntifliblue: but the precipitate i> diflblyed near 1 / at 
fame inftant that it is formed ; and the refult is a foiulioii 
a beautiful blue colour, known by the name of Aqua 
Cc!e(tis. 
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This fait contains in the quintal thirty pounds acid, forty- 
three water, and twenty-feven copper. 

2. The nitric acid attacks copper with effervefencc, at 
the fame time that it becomes decompofed, and emits abun- 
dance of nitrous gas. When it is propofed to obtain this 
gas by the action of the acid upon the copper, it is necef- 
fary to have the precaution of weakening the acid, and to 
prefe'nt the copper in pieces of confiderable magnitude. If 
thefe circumstances be not attended to, the acid attacks 
the metal withfuch violence, as fuddenly to emit a prodi- 
gious quantity of gas,; immediately after which an abforp- 
tiori takes place, arid the water of the jar paries into the 
bottle. In this cafe ammoniac is formed. The diluted 
nitric acid perfectly difTolves copper: the folution is blue. 
If it be fpeedily concentrated, no other remit is obtained 
but a magma without cryftah; but if it be left expofed to 
the air, it affords cryftals in long parallelograms. By leav- 
ing a folution of this kind to fpontaneous evaporation, I 
Have obtained rhoiiiboidal cryftals, which, inftead of being 
blue, as they aie ufually defcribed, are white. They 
decrepitate upon the coals, emit a red gas by mere heat, 
and nothing remains but a grey oxide. 

3. The muriatic acid does not diffolve copper unlefs it 
be boiling and concentrated; the folution is green, and 
i.flbrds prifmatic cryftals of confiderable regularity when the 
evaporation is flow. This muriate is of an agreeable grafs- 
green colour; its tafte is cauflic, and very aftringent: it 
fufes by a gentle heat, and congeals into a mafs; in which 
the acid is fo adherent, that a very ftrong fire is required 
to' difengage it. It is very deliquefcent. Ammoniac does 
snot diiTolve the oxide of this muriate with the fame facility 
as it docs that of the other cupreous falts. This obfervation 

made by Mr. De Fourcory ; which I think may be ex- 
plained from the eircumfcance that the muriatic acid fuffers 
the copper to be precipitated in the metallic form, infteadof 
giving out a portion of its oxigene, which would facilitate 
ihe a£fioh of the alkali. 

4. The acetous acid, when made to a& either hot or cold 
upon copper, only corrodes it, and produces the fubftance 
known in commerce under the name of Verdigris. The 
verdigris which is ssofl: ufed in the arts has been long fabri- 
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cated at Montpellier exclusively. The prejudice which pre- 
vailed, that the cellars of this city alone were proper for this 
operation, preferved this commerce till lately in its hands. 
But the progrefs of information has fucceffively put it in 
the power of other countries to partake in this manufacture. 

The procefs ufed at Montpellier confifts in fermenting 
the refufe of grapes with four wine*. This refufe is after- 
wards laid in alternate ftrata, with plates of copper fix inches 
long and five broad. In this ft ate they are left for a certain 
time; after which they are taken out, and placed edgewife in 
a cellar, where they are fprinkled with four wine : in this 
fituation the verdigris fwells up; and is afterwards (craped 
off, put into facks of leather, and exported to foreign 
countries. 

Ready-made vinegar is ufed at Grenoble, and the plates 
of copper are fprinkled with it. 

The verdet or verdigris of Grenoble contains one-fixth 
lefs of copper : the vinegar which is obtained is ftronger 
and more abundant. It has not the empyruematic fmell 
of that of Montpellier. The copper is therefore partly 
diflblved in the verdet of Grenoble ; becaufe it has been 
firft reduced into an oxide by the impreffion of the vinegar, 
and afterwards attacked by the fubfequent affufion of "the 
fame acid. It is therefore an acetate of copper. 

The oxides of copper, diilblved in vinegar, form a fait 
known by the name of Cryftallized Verdigris, Cryflals of 
Venus, Acetate of Copper. 

To obtain this fait, the vinafTe or four wine is diflilled ; 
and this weak vinegar boiled on the verdigris. The folu- 
tion is then conveyed into a boiler, where it is concentrated 
until a pellicle appears. Sticks are then plunged in the 
bath ; and at the end of a certain number of days the flicks 
are again taken out, covered with rhomboidal cryftals of a 
blue colour. Thefe clutters of cryftals, weighing each 
from four to fix pounds, are wrapped up in paper, and 
distributed for fale. 

The vinegar may be difengaged by did illation from thefe 
cryftals ; and the refidue is a cupreousoxide, which pofTdTcs 
the characters of pyrophorus. 

* VfoQTe. 
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Vinegar, diflilled on manganefe, diffolvcs copper; which 
proves that it has taken up oxigenc. The acetic acid, or 
radical vinegar, differs from ordinary vinegar, in con 
a greater quantity of ene j and it is this oxigen 

renders it proper to diffolve copper in tl Hie ft ate. 

The acetate of copper may likewife be formed by dc 
pofing fait of Sfkturn, or fugar of lead, by th Ltd. of 

copper. The fulpbatc of lead falls down ; -.end the iolinion, 
when concentrated, affords the cupreous acetate. 

5. The pure fixed alkalis, digefted in the cold with 
filings of copper, become of a blue colour; but ammoniac 
diffolves it much more fpeedily. I put copper filings into 
a bottle with very cauflic ammoniac, and kept the bottle 
flopped for two years ; the copper was deprived of its 
colour, and became fimilar in appearance to a grey clay : 
whereas a fimilar veffel, in which I had placed the fame 
mixture, but left open, foon afforded me very fmall blue 
cryftals ; and the whole concluded by affording only a hard 
flratum of green matter, refembling malachite. 

Copper is precipitated from its folutions by iron. For • 
this purpofe nothing more is required than to leave the iron 
in one of the folutions of the other metal, which need not 
be flrong. The phenomenon may be rendered very fur- 
prifmg, by pouring the folution of the fiilphate of eoppei 
upon the clean furface of a piece of iron ; for this furface 
initantly becomes covered with copper. The copper 
obtained by this means, is known by the name of Coppcr 
Cementation. 

This precipitation of one metal by another, has given rife 
to a belief that the iron was converted into copper ; and I 
could, from my own knowledge, mention the names of indi- 
viduals who have been impofed on by this phenomenon. 

Copper mixes with mod of the metals ; and forms — 

1. With arfenic, the white tombac. 

2. With bifmuth, an alloy of a reddifh white colour, 
With cubic facets. 

3. With antimony, a viclct-coloured alloy. 

4. It may be combined with zinc by fufion, or by cemen- 
tation with lapis calaminaris. By the firft procefs, limiinr, 
or the Manheim gold, is obtained j the produce of the 
fecond is brafs, 
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5. Copper, plunged in a fetation of mercury, afmmes 
a white colour, which arifes from the mercury which is 

.ccd by the copper. 

6. Copper is eafily united with tin; and on this 
depends the art of tinning « for which purpofe it is necef- 
fary to clean the furface of the metal perfectly; becaufe the 
dxides do not combine with the metals. This fird obje& 
is vomplHhed by rubbing the metal intended to be tinned 
with the muriate of ammoniac, or by fcrapittg it effectually; 
or even by palling a weak acid over its whole furface. 
After this operation the tin is applied by fuiing it in the 
veffel intended to be tinned, then fpreading it about with 
old rags rolled up ; and the oxidation of thefe metals is 
prevented by means of pitch. 

Copper, fufed with tin, forms bronze, or befl-metaL 
This alloy is more brittle, whiter, and more fonorous, in 
proportion to the quantity of tin that enters into its combi- 
nation: it is then ufed to make bells. When it is intended 
to be applied to the purpofe of carting ftatues, or forming 
great guns, a larger proportion of copper is ufed ; becaufe 
in this cafe folidity is one of the firil requifites. 

7. Copper and iron contract very little union. 

8. Copper, alloyed with filver, renders it more fufible ; 
and thefe two metals are combined to form folders. Hence 
it is that verdigris is occafionally obferved in pieces of filver, 
at thofe parts where joinings have been made by means of 
foil' , . 

Copper precipitates filver from its folution in the nitric 
acid. This method is ufed in the mints to feparate the 
from the acid, after the operation of parting. 

Copper ij very much ufed in the arts. All the boilers 
in dye-houfes which are intended to contain compofitions 
that do nor attack this metal, are made of copper. 

It is at prefent ufed as a fheathing for the bottoms of 
mips. All our kitchen literifils are made of it ; and, in 
e of the danger to which we are daily expofed of feeing 
poifonedj and notwithstanding the flow and dellrufHve 
ioapi metal cannot but produce upon us indivi- 

dually, there arc • from which this metal is yet 

bammed. It is able object that a law might be 

paffed amongft us; as has been done in 
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Sweden, at the folicitation of the Baron de Schoffer, to 
whom the public gratitude has erected a ftatue of the fam« 
metal. It is an allowable infringement df perfonal liberty, 
when government take upon them to direcl the conductor* 
individuals in fuch a manner as to fecure their own fafcty. 
There is no year palTes in which feveral perfons are not 
poifoned by hams, or other food which is fuffered to 
remain in copper veflels. 

Tinning is not a complete remedy againfl this danger ; 
for it leaves an infinity of points where the .copper is 
uncovered*. . 

The fulphate of copper is very much ufed in dying. 
The cryflals of Venus, and verdigris, are likewife ufed in 
painting; they enter into the compofition of colours, 
varaifhes, &x. 

The various alloys of copper with other metals, renders 
it highly valuable in the arts. Brafs, bronze, and bell- 
metal, are very extenfively ufeful. 



CHAPTER XII. 

Concerning Mercury, 

MERCURY differs from all other metals, by its 
property of retaining the fluid flate at the ordinary tem- 
perature of the atmofphere. 

It polTelTes the metallic opacity and brilliancy; and even 
acquires malleability when deprived of fluidity by a proper 
degree of cold. The bell afcertained experiment which has 
been made on this phenomenon, was performed by the 
Academy of Petersburg, in 1759. The natural cold was 
increafedbyamixtureoffnow and highlyconcentrated nitric 
acid; and the thermometer of De Lille was caufed to fall 
to 213 degrees, which correfponds with 46 below o of 
Reaumur. At this period the mercury appeared to ckfeend 
no lower : the bulb of the thermometer being then broken, 

* It may befides be doubted whether the extremely thin white coaling, 
which conceals the internal furface of tinned copper, be not a kind ot 
bell or fpeculum metal, inftead of tin, as it is generally fuppofed to be. T. 
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the metal was found to be in a congealed ftate, and bore 
to be flattened by the hammer. Mr. Pallas congealed 
airy, in 1772, at Krafnejark, by the natural cold: he 
then found that it refembled foft tin. It lias been afcer- 
taiued in England that the degree of its congelation was 
fhe 3 2d of R \ u.thewGutherie, conful at the 

lourt of the Emprefs of Ruffia, proved that the decree of 
cold of this congelation was 32 degrees below o of Reau- 
mur; and that, when the mercury is purified i6ny^ 
it co : the journal Encyclo- 

; Mercury is fire as gold and Giver; 

and its properties in general have cauied r't to nged 

.among the perfect me 

A cubic foot of this metal weighs 949 pounds; and its 
jfpecific gravity is 13,5681. — -Brirlbn. 

Mercury has been found i . rth infivt different ftates. 

1. Virgin Mercury is found in moll of the mines of this 
metal. Heat alone, or mechanical divifion of the ore, is 
fufficient to exhibit it in the metallic form. 

Native mercury has been found in digging the founda- 
tions of fome houfes at Montpellier; and this metal has been 
conftantly mixed and confounded with a grey or red clay, 
which forms a bed almorr. continuous, at a few feet beneath 
the foundation of this town. 

The obfervations which I have had occafion to make on 
this fubject, have afcertained that the mercury exifts in a 
ftratum of decompofed grit-flone, very argillaceous, ferru- 
ginous, and ochreous; of a red, brown, or grey colour. 
la this clay, the globules of mercury, in considerable abun- 
dance, were eafily diftinguifhable, lying upon greyifh 
plates. Traces are perceived which referable dendrites; 
and its impreffions are formed by layers of the oxide of 
mercury. 

Several pounds of mercury have likewife been found in 

a well at Vienne in Dauphiny; and Mr. Thouvenel has 

lUt to us three mines of this metal in the fingle 

province of Dauphiny, acco: ding tor: le indications of Bleton. 

* For an ace :n's Kiftory of the 

Congelation of Mercury, in the k .f the Philofb- 

phical Tranfacli 

3^ 
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2. Mr. Sage read to the Academy, on the I ith of May 
1782, the analyfis of an ore of mercury, in the for,m of a, 
•ib'lid oxide, which came from Idria in Friuli. It is of a 
brown red colour; and its fracture is granulated. It is redu- 
cible by mere heat; and affords oxigenated gas. It emiu 
only half the quantity, afforded by red precipitate; fcecaul:: 
this Oxide contains metallic metvury. It affords ninety-one 
pounds of mercury per quintal, and a fmall quantity of Giver. 

% The muriate of mercury, or corneous mercury, ha> 
been found native in the mine of Mufchel-Lamburg, in the 
duchy of Deux-Ponts. Mr. Sage obtained eighty-fix 
pounds of mercury per quintal. 

Mr. Woulfe has likewife diicovered, in 1776, a very 
ponderous white, green, or yellow cryllallized ore of mer- 
cury ; in which he proved the exillence <ol the futuhuric and 
muriatic acids. 

4. Mercury [s fometimes naturally amalgamated with 
other metals, fuch as gold, hlver, aricnic, copper, &c< 

5. Mercury is ufually mineralized by iulphur; and the 
jprodutl is cinnabar or jcthiops, according to the colour. 

Cinnabar is found under different forms. 1. In red 
crytlals, confifting of two triangular pyramids, truncated, 
and joined bafe to bafe, or elfe feparated by a very fliort 
intermediate, prifm. Cinnabar has likewife been found 
cryllallized in tranfparent plates. 

2. Cinnabar is almoil always found in maffes, more or 
Icfs compact:; the colour varies from deep black to the 
brighteft red. In this Jail ftate it is diflinguilhed by the 
name of Vermillion. 

Cinnabar has for its gangue, quartz, clay, calcareous 
earth, ponderous fpar, and even coal. The ore which 
the Germans called Brandertz, has for its gangue a bitumi- 
nous matter, which burns perfectly weil; and it affords- 
only fix pounds of mercury in the quintal. 1 

The principal cinnabar mines which are wrought in Eu- 
rope, are thofe of the Palatinate and thofe of Spain. Mr. 
Sage informed us, in 1776, of the procefs ufed in the Palati- 
nate; and we are indebted to Mr. De Juffieu for a defcrip- 
tion of the method ufed in Spain. 

In the Palatinate, the pounded and fifted ore is mixed 
vykh one third of lime; and the mixture introduced into 
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iron cucurbits, one inch thick, three feet nine inches long, 
one foot wide, with an opening of five inches. Thefe vef- 
f'els are difpofed in a gallery. Forty-eight of thefe retorts, 
being arranged in two parallel lines, a fecond row is 
placed above the firfr. To the neck of each cucurbit -an 
earthen pot is adapted, which is one-third filled with water, 
and accurately kited on. The gallery is heated at the twq 
extremities; feveial apertures formed in the dome fervq 
the purpofe of chimneys; and the di (filiation is effected by 
a fire kept up for ten or twelve hours. 

This procefs was followed at Almaden till the year 1 647, 
when the following was adopted, as being more iimple and 
ce:onomical. The furnace is twelve feet high, and four 
feet and a half diameter within. At the diftance of five 
feet and a half from the ground, is an arch upon which the 
ore is difpofed, and a fire is kindled in the am-hole. The 
fublimed mercury efcapes through' twelve apertures formed 
in the upper part of the laboratory. To thefe apertures, 
rows of aludels, inferted one in the other, are adjuPted', 
and difpofed parallel upon a terrace, which termhrates ia 
a final 1 building feparated into as many chambers as there 
are files of aludels. Each chamber has a' : cavity in the 
middle, to receive the fmall quantity of mercury which. 
may arrive to thatdiftance. 

Every furnace contains two hundred quintals of cinna- 
bar, and the fire is kept up for three days. The fulphur 
which burns is difengaged in the form of fulphureous acid, 
and efcapes through fmall chimneys made in each chamber. 
Every repetition of the procefs affords from twenty-five to 
fixty quintals of mercury. 

The mine of Almaden has been wrought from timcim- 
"memorial. Its veins arc from three to fourteen feet in 
breadth; and their breadth is even larger where they join, 

Hitherto no method has been difcovered to fix mercury 
but that of extreme coi J. This metallic fubftance, natu- 
rally fluid, is capable of rifing even by a very moderate 
fire; as is proved by an experiment of Mr. Achard, who 
having left a difli containing twenty pounds of mercury 
over a furnace which was daily heated, experienced a fali- 
V'tioQ at the end of fevcral days; as did likewife two other 
perfons who had not quitted the chamber. He eftimates 
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this heat at about eighteen degrees .of Reaumur. — Jeju- 
nal de Phyiique, O&cber 1782. 

It is dangerous to oppofe the evaporation or dilatation 
of this metal which is produced by heat. 

In the- year 1732 an alchemift prefented himfelf to Mr. 
Geoffrey, pretending he had difcovered the means of i 
ing mercury. He inclofed the metal in an iron box, and 
this box in five others, which were placed in a furn 
the explofion was fo ilrong, that it buril through the 
. boards of the floor. Mr. Hellot has related a fimilar fact 
to the Academy. 

Mercury boils in the fame manner as other liquids when 
it is heated; and for this purpofe it does not even req- 
a very coniiderable heat; the ebullition confifts merely in 
its tranfiiioii to the vaporous ftate; fcr it may be diftilled 
like all other fluids, and by that means cleared of its impu- 
rities. Boerhaave had the patience to diflil the fame mer- 
cury five hundred times fuccefiively; and the metal fu. 
ed no other change, than that it afforded a grey powder, 
which required only trituration to convert it againinto run- 
ning mercury. 

Mercury is not eafily changed in the air; but if the action 
of the air be afiiiled by heat, the mercury gradually loles 
its fluidity; and at the end of feveral months forms a red 
oxide, which alchemifls have diflinguiihed by the name of 
Precipitate per fe. The apparatus made ufe of fcr this 
operation is a very large and very fiat bottle, doled with a 
flopper, in which there is a capillary perforation. The 
mercury within the bottle by this means poffeffes the con- 
tact of air; and by difpofing the apparatus upon a fond bath, 
and keeping up the ftate of ebullition in the fluid, the oxide 
may be obtained in the courfe of feveral months. 

This oxide gives out itsoxigeneby iimple heat, without 
any intermedium; and the mercury relumes its metallic 
form: one ounce affords about a pint. A quintal of mer- 
cury takes up about eight pounds of oxigene. The red 
oxide of mercury, expefed to heat, fubiimes in clofe vcflels, 
and may be converted into a very beautiful glafs. I have 
obferved this on all occafions when I have made the red 
oxide by means of the nitric acid, according to the pf( 
which I fiiall immediately dej 
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It is certain that mercury upon water is 'boiled, 

communicates a vermifuge property to 
the mod accurate experiments of Lemery wn that 

the metal does not perceptibly lofe weight; which proves 

the principle taken up by the water i 
and fo light that it does not conflitute any feniible part of 
the weight. Water which has remained for a certain time 
over mercury contracts a.veify evident metallic tafte. 

i. The falphnric acid does not aft upon mercury ur.lefs 
affifted by heat. In this cafe, fulphureous gas is difengaged.; 
and a white powder falls down, the quantity of which be- 
comes greater in proportion as the acid is decompofed. 
This oxide weighs one third more than the mercury made 
life of. It is cauflic : if hot water be poured on it, it 
becomes yellow ; and if it be urged by a violent heat, it 
affords oxigenous gas, and the mereury refumes its natural 
form. This yellow oxide, obtained by means of the ful- 
phuric acid, is known by the name of Turbith Mineral. It 
has long been confidered as a iulphate of mercury. Mr. 
Baume has proved that it does not contain a particle of 
acid ; and it appears that the water which develops its yel- 
low colour, frizes the fmall quantity of undecompofed acid 
which was mixed with the oxide. If the water which has 
been poured on it be evaporated, a fait is obtained in fmall, 
foft, and deliquefcent needles, which may be deprived of 
their acid by the fnnple afluiion of water. This fluid pre- 
cipitates the mercury from them in the form of turbith. 

2. The nitric acid of commerce, at the ftrength of thirty- 
five degrees, duTolves mercury with violence, even wie 
the alliilance of heat. This folution is accompanied with 
•the difengagement of a confiderable quantity of nitrous 
gas ; becaufe it is necefiary that the acid mould reduce the 
metal to the (late of oxide before it can a£t upon it. One 
part of the acid is confequently employed in difpofmg the 
metal for folution, and the other diiTolves it in proportion 
as it is oxided. This is what happens when the fulphurie 
acid is digefted upon a metal ; one portion is decompofed, 
and reduces the metal into an o: .die the other dif- 

folves it. 

The manner of effc&ing the folution of mercury in the 
citric acid, has an influence en the properties of the mcr- 
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curial nitrate. Bergmann has cbferved that the folution 
which is made flowly and quietly, without difengagement 
of nitrous gas, affords no precipitate on the addition of 
water; whereas that which is made by the affifbnee of heat, 
and with lofs of nitrous gas, affords a precipitate. It 
appears that the nitric acid, ailiiled by heat, is capable of 
becoming loaded with an exeefs of mercurial oxide, which 
it lets fall when diluted with water. 

The method of performing the folution, and the procefs 
made ufe of to cryftallize it, has an equal influence upon the 
form of the en dais. i. The folution made in the cold, and 
left to iVontaneous evaporation, affords cryftals which 
appeared to Mr. De Lifle to be octahedral pyramids, trun- 
cated n< ar rhe ; r bafe, and having the four angles refulting 
froa Um j« . . n of the bafes of their pyramids likewife 
truncated. 2. if die fame folution be evaporated, long and 
acute blad s are obtained, laying one upon the other, and 
uriatcd obliquely acrofs. 3. The folution of mercury 
e'Veckd by heat, affords flat and acute needles, flriated 
lengthways. 

The nitrate of mercury is corrofive ; it detonates upon 
coals when it is very dry, and emits a whitilh flame of 
conli derable brilliancy. 

The mercurial nitrate, heated in a crucible, is fufed, 
and emits a confiderabls quantity of nitrous gas together 
with its water of cryftallization. The remaining oxide 
becomes yellow; and at length aiTumes a lively red colour, 
and forms the fubflance called Red Precipitate. In order. 
to make a vcrv fine red precipitate, the mercurial folution 
muff-b^ out into a retort, and diftilled until no more vapours 
come over. An additional quantity of nitric acid ; 
then be poured on the remainder, and likewise diftil 
off. After three or four repeated diftillations, a very 
beautiful precipitate is obtained in fmafl crylfals of a very 
iwperb red colour. 

The folution of mercurial nitrate forms mercurial water. 
It is of ufe to afcertain the prefence of fulphuric and mu- 
riatic falts in mineral waters. 

The acids, the alkalis, the earths, and fome of the metals, 

tie mercury from its folution in the nurie 

acid, i hates always confift of the oxidcj cc 
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mercury in a greater or lefs degree of perfection, according 
to which circumftances their colour is fa$!e& to variation. 
On this head, Lemery, Baume, &c. may be consulted. 

Mr'. Bayen has difcovered that fome of thefe precipitates 
ths property of fulminating, when mixed with a 
fmall quantity of fublimed fulphur, This chemiit hag- 
pointed out three — 1. The precipitate of mercury from iff 
fokuion in the nitric add by the- affiftance of the carbonate 
of ammoniac. 2. The precipitate of the fame fluid by lime-- 
% 1 1 er. 3 i iJThfc preci pitate of the foluticn o: corrofive fub! i mate 
by lime-water. Haifa gras is to be triturated with fix- 
grains of iublimcd fulphur. After the detonation, a violet' 
coloured, powder remains, which affords a line cinnabar 
by iubiimation. 

\ 3. The muriatic acid does not fenfibly acl upon mercury: 
but if it be digefted for a long time upon the .metal, it 
oxides it, and at length diflblVes the oxide, as maybe con- 
cluded from the experiments of Homberg, inferted in the 
volume of the Academy of Sciences for the year 1700. 
'The muriatic acid completely .".diffolves the mercurial 
oxides. When thefe oxides are nearly in the metallic (late, 
or charged with a fmall quantity of oxigene, the muriate of 
mercury is formed. When, on the contrary, the oxide of 
mercury is faturated with oxigene, the oxigenared muriate 
or mercury, or corrofive fublimate of mercury, is formed. 

Corrofive fublimate may be formed according to two' 
methods ; in the dry way, or in the humid way. 

To make this fait in the dry way, the operator may 
proceed in various manners. 

1. Equal parts of dried nitrate of mercury, decrepitated-' 
muriate of foda, and fulphate of iron calciued to whitenefs,-' 
are mixed together. This mixture being expofed _o fubli-" 
mation, the product which arifes is corrofive fublimate. - ; 

2. Running mercury is ufed in Holland inftead of the" 
nitrate of mercury ; and the fame remits may be obtained- 
by ufing any oxide of mercury whatever. 

3. Equal osrts of the fulphure of mercury, and the de- 
crepitated muriate- of foda, a (lord the fame fait by fublima-- 
tion. This procefs of Kunckel has been revived by Boulduc. 

4. Mi. aflures us that he obtained corrofive 
fublimate by treating the dry muriate of foda, and a mer- 
curial oxide, in the way of diltillation in a retort. 
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If mercury be diffolved in the oxigenated muriatic acid., 
the folution, when concentrated, affords very fine corro- 
five fublimate. . It may likewife be obtained by precipi- 
tating the mercury from mercurial water by the fame acid, 
and evaporating the folution. 

I have obtained very fine fublimate by prefenting a mer- 
curial oxide, fufficiently loaded with oxigene, to the ordi- 
nary muriatic acid. One pound of muriatic acid, at the 
ftrength of twenty-five degrees, poured upon one pound of 
red oxide by the nitric acid, difcolours it, in a ihort t 
diflblvcs it with a violent heat; and this folution, dill 
with water, and properly evaporated, affords from twelve 
to fourteen ounces of cryfhils of corrofive fublimate. 

The corrofive muriate of mercury has a fryptic tafie, 
followed by an exceedingly difagteeable metallic tafic*. 
When place'd on hot coals, it is diifipated in fumes; when 
flowiy heated in fubliming veffels, itrifesin prifmatic crvf- 
tals, fo much flattened, that their faces are fcarcely di : 
guiftiable. The ailemblage of thefe has induced authors 
to compare them to fword blades lying acrofs each other. 

This fait is foluble in nineteen parts of water; and when 
the folution is concentrated, it a ryilals fimilar to 

thofe obtained by fublimalion. 

Ban. gnefia, and li mpofe this fait. Half" 1 

a gros of corrofive fublimate in powder, thrown into a 
pint of lime-water, forms a yellow precipitate. This fluid 
is known by c neofPhaj Water. 

Fixed alkali precipitates the mercury in an orange-colour- 
ed oxide ; and volatile alkali in the form of a white powderj 
which becomes brown in a fhori: time. 

The fame muriatic acid, combined with a lefs perfect 
oxide of mercury, forms the mild muriate of mercury, or 
mercurius dulcis. This combination may likewife be made 
by two methods; by the dry, or the humid way. 

i. In the dry way, four parts of corrofive muriate of 
mercury are triturated in a mortar with three of running 
mercury. When the mercury has difappeared, the mix- 
ture is put into phials, and fublimed three fucceffive tin 
in order that the combination may be more accurate. This 
fublimate differs from corrofive fublimate by its infolubility 
in water, its infrpidity, and the form of its cryftals, which 
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are tetrahedral pyramids, terminated by four-fided pyramids. 
To obtain this regular form, it is neceffary that the fublima- 
tion fhould be made at a moderate heat; for, if the heat be 
fufficient to liquefy the fait, the refult is merely a cruft, with 
no appearance of cryftals. As the trituration of corrofive 
fubiimate is dangerous, on account of the powder which rifes, 
Mr. Baume pours a fmali quantity of water upon the mixture. 
Jhis liquid accelerates the trituration, and prevents the riilng 
of the destructive powder. 

x. Bailleau has propofed the incorporating of corrofive 
fubiimate with water, and triturating it with running mercury. 
The combination is completed by digefting the mixture on a 
fand bath by a gentle heat. The matter becomes white, and 
requires only a fingje fublimation. Whenever it is fufpected 
that mercurius dulcis {till retains a portion of corrofive fub- 
iimate, nothing more is neceffary to be done than to tritu- 
rate it, and pour boiling water upon it; for by this means 
the whole of the foluble fait which may have remained, is; 
carried c 

Mr. Baume has proved that there is no intermediate date 
between mercurius dulcis and corrofive fubiimate. If lefs 
mercury be added to the fubiimate, a proportional quantity 
of mecurius dulcis only fublimes, and the reft rifes in the 
form of corrofive fubiimate ; if a greater quantity of mercury 
be added than is neceffary to convert the whole into mercu- 
rius dulcis the excefs remains in the form of running mercury. 

The fame chemift has likewife proved, that, a portion of 
the mercury is always loft at each fublimation; and. that a 
fmall quantity of corrofive fubiimate is formed, which a 
from the alteration of the mercury. Hence it follows that 
the mercurial panacea, which is made by fubliming mercu- 
rius dulcis eight or nine times, is a more fufpicious remedy 
than the mercurious dulcis itfclf. 

2. Mercurius dulcis may likewife be made by decomposing 
mercurial water by a folution of the muriate of foda. The 
white precipitate which is obtained may be fublimed, and 
forms an excellent mercurius dulcis. I communicated this 
procefs to the Society of Sciences at Montpellier two years 
before Mr. Scheele made it known. 

The corrofive muriate of mercury differs therefore from 
the mild muriate by the (late of its acid. 

3L 
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The mercurial oxides are equally foluble in the other acids', 
. 3. A folution of borax, mixed with mercurial water, 
•forms a very abfcndant yellow precipitate, which is nothing 
btft the combination of the acid of borax and mercury. 
A fmal! quantity of this fait remains in folution, which may 
be obtained in brilliant cryfhils by evaporation. 

4. The acetous acid likewise diilblves the oxide of mercury, 
and affords white foliated cryftals. 

Mercury precipitated from a folution of the acetate of 
mercury, combines with the acidulous tartrite of pot-am, 
and forms vegeto-mercurial water of Preffavin. 

The acetate of mercury is the bafis of Keyfer's pills. 

5. Mercury, artificially mixed with fulphur, forms the 
red or black fulphures, known, on account of their colour, 
by the names of iEthiops or Cinnabar. 

To form the sethiops, or black oxide of mercury, three 
methods may be followed. 

1. Four ounces of mercury maybe triturated with twelve 
ounces of fublimed fulphur in a glafs mortar. The refult is 
a black powder, called iEthiops Mineral. 

2. Four ounces of fulphur may be fufed in a crucible, 
and one ounce of mercury extinguished in it. The mixture 
readily takes fire, but the inflammation is to be prevented; 
and theblackifh refidue, being pounded, affords a greenifh 
powder, which is a true sethiops. 

3. The sethiops may be made by pouring the fulphure of 
pot-aih upon mercurial water. 

Thefe asthfo'ps afford by fublimations cinnabar, or the red 
fulphurated oxide. But in order to make it with a greater 
degree of accuracy, four ounces of fublimed fulphur are fufed 
in an unglazed earthen pot, and one pound of mercury mix- 
ed with it by ftirring or agitation. When thefe fubftances 
have combined to a certain degree, the mixture fpontuae- 
oufly takes fire, and is fuiTered to burn about a minute. 
The flame is then fmothered, and the refidue pulverized, 
which forms a violet powder, ufually weighing about feven- 
teen ounces five gros. This powder, being fublimed, affords 
a fublimate of a livid red colour; which, when pounded, 
exhibits a fine red eolour, known by the name of Vermilion. 

Three parts of cinnabar, mixed with two ounces of iron 
filings, afford very pure mercury by diitillation,< which is 
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called mercury revived from cinnabar. Lime, the alkalis, 
and mod of the metals, may be fubftituted iyltead of tne iron. 

Mercury amalgamates with molt other metals. On this 
property h founded the art of water-gilding, or. gilding upon 
metals, the tinning of glafTes, the working of gold and 
filver mines, &c. 

Mercury is likewife ufed in the conftruction of meteorolo- 
gical initruments, in which it poffeffes the advantage over 
other fluids— ri. That it docs not eafily freeze. 2. It is 
more eafily and gradually dilatable, according to the fine 
experiments of MeiTrs. Bouquet and Lavoifier. 3. It is very 
nearly of the fame quality in different fpecimens. 

Mercury may be ufed in fubftance as a remedy again ft. the 
volvulus, and it has never beenobfervedto produce bad effects, 
Ic is mixed with fat, to form unguents very much ufed in 
venereal cafes. Thefe are prepared with one-third or half 
weight of mercury, according to the exigence of the cafe. 

The mercurial water is ufed as an efcharotic. 

The red oxides anfwer the fame purpefe. 

The mild mercurial muriate is ufed as a purgative. It 
enters into the compofition of pills which are ufed in venereal 
cafes, with the intention of carrying off the morbific matter 
by the fkin. 

The corrofive muriate of mercury is of very extcnfive ufe, 
more efpecially againfl venereal diforders. This remedy 
requires fkill and prudence ; but I have received it as the 
common opinion of all phyficians of reputation, that it is the 
mod powerful and certain remedy poffeffed by the art of 
medicine. In a large dofe it irritates the fyftem, affects the 
ftomacb, occaflons fpafms in the lower belly, and leaves 
imprefllons which are difficult to be eradicated. 

Cinnabar is ufed in fumigations, to deftroy certain infech 
wbidi attach themfelves to the fkin. It is likewife ufed us 
a pigment. 



CHAPTER XIII. , 
Concerning Silver. 

oILvER is a metal cf a white colour, pojETeJnng 
neither fmell nor tafle, nearly unalterable by fire, very duc- 
tiij and tenacious. A cubic foot of this metal caft weighs 



4o2 Native Silver. 

feven hundred and twelve pounds ; the fpecHlc gravity of 
caa filver is 10,1752. See Briffon. — It is found in the earth 
in five different {fates, which we (hall proceed to confider. 

1. Virgin or native filver. — Native filver is found in 
various forms. 1. In ramifications compofed of octahedrons 
inferted one in the other. This variety is known by moft 
mineralogies under the name of Virgin Silver in Vegetation. 
Four proceffes, indicated by Mr. Sage, are known for the 
cryftallization of filver : amalgamation, reduction by phof- 
phorus, reduction by copper, and fufion; 

A detail of thefe four proceffes may be feen in his Analyfc 
Chimique, book iii. p. 238, et feq. 

Native filver is likewife found in fmall capillary, flexible, 
and intertwined threads. The decompofition of the red or 
vitreous filver gives rife to this fpecies ; it may even be 
produced by a flow calcination of one of thefe ores. 

Silver is likewife found in irregular forms ; either in fmall 
plates difperfed in the gangues, or in malfes. Albinus 
reports, in the Chronicle of the Mines of Mifnia, that in the 
year 1478 a lump of native filver was found at Schneeburg. 
weighing four hundred quintals. Duke Albert of Saxony 
descended into the mine to fee this furprifing rnafs of filver, 
and had dinner ferved up upon it. 

2. The vitreous filver ore, or filver mineralized by fulphur. 
7— This ore is of a grey colour, and may be cut like lead. 
It cryitallizes in octahedrons, or in truncated cubes, and is 
mod frequently found of an indeterminate figure. The 
fulphur may be extracted by heat. It affords about fixteen 
pounds in the quintal. 

When the fulphur is contained in a greater proportion in 
this ore, it becomes black, porous, and friable. 

3. R.ed filver ore: filver mineralized by fulphur and atfenic. 
• — This fpecies cryflailizes in hexahedral pyramids, termi- 
nating in an obtufe trihedral pyramid, with rhombic faces. 
It is frequently found in irregular mafFes of no determinate 
figure. It poffeffes the colour and tramparency of the ruby. 

Mr. Sage has obtained from this ore., by diftiliation, 
water, carbonic acid, and the fulphurated yellow and red 
oxides of arfenic. If this ore be calcined in a teir, and the 
mincralizer be fuffered to exhale, the refidue is found to 
be in th,e metallic flate, exhibiting contorted threads of 
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filver at its furface. Part of the filver paffes to the Mate of 
grey oxide in this operation. 

4. White antimonial filver ore : filver and antimony mi- 
neralized by fulphur. — This ore is as white as filver ; it is 
brittle, and of a granulated fraclure. Sometimes it is found 
in hexahedral prifms, truncated and flat at each end : this 
kind is found in the principality of Furftenburg. When 

•fexpofed to heat, it becomes as fluid as water, emits antimdny 
- and fulphur, and leaves the filver behind, together with an 

oxide of antimony. This femi-metal is cleared oil by fufion, 

affifted by proper fluxes, and cupellation. 

5. The corneous ore of filver, or muriate of filver.— This 
fpecies is of a dirty yellow grey: it is foft, and may be eaiily 
broken or cut. A gentle heat caufes it to flow ; it fublimes 
without decompofition, is mofr. frequently found of no regular 
form, but fometimes crystallized in cubes. The muriatic 
acid is its raineralizer. Mr. Woulfe has fhewn that it like- 
wife contains a fmall quantity of fulphuric acid. 

6. Silver is alfo very frequently alloyed with various 
metals, fuch as lead, copper, bifmuth, cobalt ; and thefe 
ores are fometimes wrought on account of the quantity of 
filver they contain. 

The manner of working a filver ore varies according to 
its nature ; but all the proceffes ufed in various countries 
may be reduced to the following : 

1. In Peru and Mexico the mineral is pounded, roalted, 
waihed, and afterwards triturated with mercury in copper 
boilers filled with water kept at the boiling heat. The whole 
is agitated by means of a kind of mill. The amalgam is after- 
wards expreifed in a /kin ; then heated, to drive off the re- 
maining mercury j after which procefs the filver remains 
alone. 

This method is defective — 1. Becaufe the fire volatilizes 
a portion of the muriate of filver which abounds in thefe 
ores. 2. The warnings carry with them a portion of the 
oxide of filver. 3. The mercury does not amalgamate either 
with the muriates of filver, or the fulphates of that metal. 

2. When filver ores, mineralized by fulphur or arfenie, 
,are to be wrought, they are roafted, pounded, warned, and 

fufed with lead. This metal feizes all the jflfveij, from which 
it is iigaiu feparated by cupeilaiion. 
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3. When the filver ore is poor, it is fufed with cupreous 
pyrites, and the mixture treated in the way of liquation. — , 
See the article Lead.' 

To determine the degree of purity of the filver, a given 
weight of filver is fuppofed to be compofed of twelve parts, 
called pennyweights ; each pennyweight is divided into 
twenty-four grains. Silver, clear of all mixture, is faid to 
be twelve pennyweights fine. 

In order to allay filver, and to afcertain its degree of finc- 
nefs, the regulation of the Court of Monies of France pre- 
iuibes, that thirty-fix grains of filver be taken, and wrap- 
ped in a plate of lead containing no fine metal, and then 
expofed to cupellation. From the lofs which the button of 
filver that remains on the cupel has fuffered, a judgment is 
made of the quantity of alloy. If the lofs be one-twelfth of 
the whole, the filver is faid to be eleven pennyweights fine. 
The details relating to this operation may be feen in IJ 'Art 
d'ejayer POr et I' Argent, par M. Sage. 

Silver may be rendered hard by mixing it with copper ; 
and for this reafon it is alloyed with that metal for filver- 
fmiths work, as well as for the coinage. The law permits 
one-twelfth of alloy in filver money*; and it is this portion 
of copper which renders the folution of filver coin in the 
nitric acid blue. 

Silver is not changed by the contact of air. A confidcr- 
able heat is required to fufe it ; but it may be volatilized by 
flrong fire without alteration, as is proved by the capital 
experiments of the Academicians of Paris, made in the focus 
of the lens of Mr. Trudaine. This metal emits a thick fume, 
which whitens plates of gold expofed immediately over it. 

Junker converted filver into glafs, by treating it in a way 
of reverberation, after the manner of Ifaacus Holiandus, in 
a very flrong fire. 

Macquer, by expofing filver twenty times fucccfiively to 
the porcelain furnace of Scves, obtained glafs of on olive 
green colour. It was likewife obferved that this metal, when 
expofed to the focus of a burning mirror, prefented a white 
pulverulent matter on its furface, and a greenifli vitreous 
covering on the fupport upon which it was placed. # 

* The Britifh coinage is 1 1 ounces 2 pennyweights fine. T. 
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T hough thefe experiments clearly prove tint filver is capa- 
ble of combining with oxigene, the difficulty which is found 
in eiTecYmg this combination, and the facility with which this 
air is difengaged from the oxides of filver, prove that there 
is but little affinity between thefe two fubftahces. 

If filver in a (late of extreme divillon be prefented to the ' 
concentrated and boiling fulphuric acid, fulphureous gas is 
ngaged: the filver is reduced into a white matter, which 
is a true oxide of filver; and contains a fmall quantity of 
fulphate, which may be obtained in fmall needles, or in plates 
formed by the union of thefe needles lengthways, as Mr. 
De Fourcroy has obferved. This fait flows by heat, and is 
very fixed. If filver be precipitated by metals or alkalis, 
theie precipitates are reducible without addition. 

The nitric acid diflblves filver with rapidity: much nitrous 
gas is difengaged. The folution is at firfl: blue: but this 
colour difappears when the filver is pure; and degenerates 
into a green colour, if it be alloyed with copper. The nitric 
acid is capable of difTolving more than half its weight of fil- 
ver. The folution then lets fall crydals in hexagonal, trian- 
gular, or fquare plates, which are called Nitrate of Silver, 
Lunar Cryftals, Lunar Nitre, &rc. 

The folution of thefe cryftals, generally known by the 
name of Solution of Silver, is very cauflic. It colours the 
fkin black, burns the epidermis, and fo completely deftroys 
its organization, that the fpot difappears only by the 
renewing of the fkin. 

The nitrate of filver melts on burning coals; but if it be 
expofed to a gentle heat, in earthen or metallic vefTels, it 
liquefies, and may then be cad in moulds. This fa fed nitrate 
of filver forms the lapis infernalis. Care mud be taken to 
pour it out as foonasit is fufed; becaufe otherwife the acid 
would be difengaged, the filver would be revived, and the 
lapis infernalis, or lunar cauftic, would lofe its virtue. 

Lapis infernalis, made with pure filver, and prepared as 
above defcribed, is whitifh; whereas it is blackiili when 
fuffered to remain in fufion for any time. 

Lapis infernalis is very frequently mixed with nitrate of 
copper. This fraud is reprehenfible, becaufe it is an alloy 
which renders wounds of a bad chara&cr. 
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The lapis infernal is is ufed as an efcharotic, arid to cor- 
rode fungous excrefcences. 

Silver may be precipitated from its folution by lime-water, 
alkalis, and feveral metals. Thefe lad exhibit very impor- 
tant phenomena. 

i. A plate of copper, immerfed in a folution of filver 
diluted in water, precipitates the metal. It adheres at the 
moment of precipitation to the furface of the copper, where 
it forms a kind of mofs. In proportion as the filver is pre- 
cipitated, the water aHumes a blue tinge ; which proves 
that the copper is diffolved in the nitric acid, in the room of 
the filver. When the whole of the filver is difengaged, the 
water is to be decanted, the filver dried, and fufed in cruci- 
bles, to be call into ingots. This filver almoft always re- 
tains a fmail quantity of copper; of which it may by deprived 
by cupellation with lead, which renders the filver pure : 
this procefs is ufed in the mints, where the parting operation 
of gold from filver is performed. The fir ft ftep confifts in 
feparating the filver by means of nitric acid ; and this is 
afterwards precipitated by the addition of copper. 

2. The filver is likewife precipitated by mercury. In 
this operation it amalgamates with a fmall quantitty of the 
mercury, and forms tetrahedral cryftals terminated by a 
tetrahedral pyramid, which cryftals are articulated into each 
other. This arrangement gives them the form of a vegetation ; 
and has caufed the precipitate to be known by the name of 
the Tree of Diana, Arbor Diana. Lemery, Homberg, 
and other chemifts, have fuccefiivly publifhed proceffefs to 
produce this phenomenon ; but that which has fucceeded 
beft in my hands, is defcribed by Mr. Baume. Six gros of 
the folution of filver, and four of that of mercury, both well 
faturated, are taken, and diluted with five ounces ofdiftilled 
water. Thefe are to be put into a conical veffel ; and an 
amalgam of (even parts of mercury, and one of filver, is to 
be poured in. A multitude of fmall chryftais inftantly appear 
to difengape themfelves from the furface of the amalgam* 
upon which new ones articulate themfelves ; and a vegeta- 
tion is produced, which perceptibly riles under the eye of 
the fpe&ator-. To render this phenomenon more ftriking, I 
decant the exhaufted water, and fubftittue iVefh : by this 
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means I can fill any veffel whatever withth-ffe vegetations. 
The mercury amalgamated with the filver, in this operation, 
may be feparated by means of fire. 

The muriatic acid does not diflblve filver, but it feeedily 
difTolves its oxides. The oxigenated muriatic acid diilolves 
filver. 

To produce a certain and fpeeety combination of the 
muriatic acid with filver, this acid is lo be poured into a folu- 
tion of the nitrate of filver. A precipitate immediately falls 
down, which is known by the name of Luna Cornea. This 
muriate of filver is very fulible ; and runs into a grey and 
tranfparent fubftance, considerably refembling liorn. If a 
ftronger degree of heat be applied, it is decompofed, part 
is volatilized, and the other part reduced into filver. 

The muriate of filver, expofed to the light of the fun, 
becomes brown in a fhort time. Ovigenous gas is difen- 
gaged ; which may be collected by placing it under water, 
according to the procefs of Mr. Berthollet. Molt of the folu- 
tions of the metals have the fame property. Lunar nitre like- 
wife becomes coloured, and emits its oxigene and nitrous gas* 

One pound of boiling water does not diiiblve more than 
three or four grains of muriate of filver, according to the 
obfervation of Mr. Monet. The alkalis are capable of 
decompofing the muriate of filver, and feparating the metal. 
The filver may be difengaged from its muriate by fufion 
with three parts of black flux. 

Mr. Berthollet has taught us the following procefs, to 
form the mod: dreadful and the molt aftonifliine fulminating 
powder we have yet been acquainted with. Take fine filver 
of cupellation ; diiiblve it in nitric acid ; precipitate this 
folution by lime-water ; decant the water, and expofe the 
oxide for three days to the air. Mr. Berthollet is of opinion 
that the prefence of light has fome influence in the fucccf. 
of this experiment. 

Mix this dried oxide in ammoniac, or volatile alkali, and 
it will aiTume the form of a black powder : decant the fluid 
and leave the powder to dry in the open air. This is lh; 
fulminating filver. 

Gunpowder, and even fulminating gold itfelf, cannot b 
compared with this new product. The contact of fire i 
neceiTarv to caufe wder to detonate; and a determ 

7 M 
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nate degree of heat is required to caufe fulminating gold to 
fulminate : but the contact of a cold body is fufficient to pro- 
duce the detonation of fulminating filver. In a word, this 
product, once obtained, can no longer be touched : no 
attempts muff be made to inclofe it in a bottle, but it mull be 
left in the capfule wherein the evaporation was performed. 
It is ufelefs to obferve, that the fulmination ought not to 
be attempted but with fmall quantities; the weight of a 
grain, for example : for a larger mafs would give rife to a 
dangerous detonation. The ncceffity of making this prepa- 
ration with the face covered with a mafk with gbfs-tvcs, 
may be eafily conceived. It is prudent to dry the fulmina- 
ting filver in fmall metallic capfules. 

The following experiment will complete the notion which 
ought to be formed of the fulminating property of this 
preparation, 

Take the ammoniac which was ufed in the converfion of 
the oxide of filver into the black precipitate which forms 
fulminating iilver : put this ammoniac into a fmall mattrafs 
of thin glafs, and let it be fubjected to the degree of ebul- 
lition neceffary to complete the combination. Take the 
mattrafs from trie fire; and a rough covering of cryffah 
will be formed on its internal furface which is beneath the 
fluid. If one of thefe cry dais beneath the cold fluid be 
touched, an explofion takes place which breaks the mattrafs. 
The procefs for obtaining fulminating filver being deferi* 
bed, its effects known, and the cautions neceffary for repeat- 
ing the experiment being well ascertained, we {hall fpeak a 
word concerning the theory of the phenomenon : it is the 
fame as that of fulminating gold, laid down by Mr. Berthollet. 
— See the Memoirs of the Royal Academy of Sciences, for 
the year 1785. 

In this operation, the oxigene, which adheres very ilightly 
to the filver, combines with the hydrogene of the ammoniac. 
From the combination of the oxigene and the hydrogene, 
water in the {fate of vapour is produced. This water, 
infeantly vaporized, and poffelling all the elaflicity and ex- 
panfive force of that ftate, is the principal caufe of the phe- 
nomenon; in which the nitrogene, which is difengaged from 
the ammoniac, with its whole expanfibiiity, likewife bears a 
principal part. 



Properties of Gold. 4-9 

After thefulmination, the filver is found reduced or revi. 
vified; that is to fay, it has refumed its metallic (late. It 
again becomes the fame white, brilliant, and pure metal 
which it was when taken out of the cupel. 

The principal ufe of filver is in coinage, as the reprefen- 
tative fign of the value of other commodities. 

Its metallic brilliancy has caufed it to be adopted as an 
ornament ; ks hardnefs, and unchangeablenefs in the air, 
render it very valuable. 

It is alloyed with copper, to form folder; whence it 
happens that filver utenfils are fubject to rufl and verdigris,, 
at the places where they are foldered. 



CHAPTER XIV. 

Concerning Gold. 

VjrOLD is the mod perfect, the mod ductile, the 
moil tenacious, and the mod unchangeable, of ail the known 
metals. A cubic foot of pure gold, cad and not hammered, 
weighs 1348 pounds ; and itsfpecific gravity is 19,2581.— 
See Briifon. 

Gold has neither fmell nor tafte ; its colour is yellow, 
and this varies according to the purity of the metal. 

1. As Gold is fubjeel: to very little alteration, i't is almoft 
always found in the native date ; and under this form it 
exhibits the following varieties : — 1. It is found -in octahe- 
drons in the Gold mines of Boitza in Tranfylvania. Thefe 
Octahedrons are fometimes truncated in fuch a manner as to 
have the appearance of hexagonal plates. This native gold 
is alloyed with a fmall quantity of filver ; which, according 
to Mr. Sage, gives it a pale yellow colour. It has likewife 
been found crydallized in tetrahedral prifms, terminated by 
four-fided pyramids. The amalgam made with' certain pre- 
cautions is likewife capable of caufing gold to ailume a form 
nearly iimilar, according to Mr. Sage ; and gold reduced by 
phofphorus fometimes exhibits octahedral crydals. 

Gold likewife crydallizes by fufion. Meflrs. Tillet and 
Mongez obtained it in fhort quadrangular pyramids. 
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2. Native gold fometimes exhibits fibres or filaments or' 
various lengths ; it is likewife found in plates diileminatecl 
on a gangue. The gold ore of Lagardet, a few leages dif- 
tant from Alemont in Dauphiny, is of this kind. 3. Gold 
is likewife found fometimes in fmall plates or fpangles, dif- 
perfed in fand or earths : under this form it is found in the 
auriferous rivers, fuch as the Ariege, the Ceze, the Gardon, 
the Rhone. Thefe fmall plates are fometimes one line in 
diameter, but mod commonly too fmall to be,feen by the 
naked eye. 4. Gold is fometimes found in irregular maffes: 
in which inftance it is known by the name of Gold Dull. 
Very large pieces of this kind are found in Mexico and Peru. 

3. Gold is fometimes mineralized by fulphur, by the 
means of fire. The auriferous pyrites are frequently found 
in Peru, Siberia, Sweden, Hungary, Sec. To afcertain whe- 
ther a pyrites contains gold or not, it mud be pounded, and 
nitric acid poured upon it until it takes nothing more up. 
Thisfolution rouft then be diluted with much water. The 
lighted infoluble pails may be carried off by warnings ; and 
the rcudue, upon examination, will fhew whether it con- 
tains gold or not. 

uen the martial pyrites is decompofed, the gold is always 
unengaged ; and it is probable that the fmall plates of gold 
in the auriferous rivers, are afforded by a decompofition of 
this kind. 

Gold is fometimes mineralized by fulphur, with the afTif- 
tance of zinc, as in the gold mine of Nagyag. This ore 
likewife contains lead, antimony, copper, filver, and gold. 

4. Mr. Sage has given a defcription.and analyfis of an 
arfenica! ore of gold. 

5. Gold likewife exifes naturally in vegetables. Beefier 
obtained it. Henckel affirmed that they contain it ; and Mr. 
Sage has ": enquiry, and found it according to 
the following table, which expreiTes the quantities of gold 
obtained from the quintal of the fevcral earths. 

Ounces. Gros. Grains. 

.Rotv;-./ hatiHlfe (tcrreav:) o 1 56 

Earth of uncultivated ground! - 

(terre de 13 tuyere) j ° 3 3 & 

[ Gat den mould o 5 o 

Mould of a kitchen garden "1 

manured with dang v early [- 2 3 

j& lixiy years j 
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Thefe rcfults were at firft conteflcd ; but at prefent it 
appears to be generally agreed that gold is obtained, but in 
a lefs quantity. Mr. Berthollet obtained forty grains and 
eight twenty-fifths of gold in the quintal of afhes. Meffrs. 
Rouellc, Darcet, and Deyeux likewife obtained it. 

It is therefore a phyfical fact, that gold exifts in vegetables. 

The method of working the ores of gold is nearly the 
fame as that ufed with filver ores. When the gold is in a 
native ftate, nothing more is required than to divide the ore 
by the pounding mill, and afterwards to wafli and amalga- 
mate it. If the ore be mineralized, it is torrefied, pounded, 
warned, fufed with lead, and afterwards cupelled. Eliqua- 
tion is likewife ufed for poor ores. 

Thofe perfons who explore the gold in fmall plates dilTe- 
minated in the fand of certain rivers, are known in France 
by the name of Orpailleurs, or Pailloteurs. The paillo- 
teurs of the river Uze, after having afcertained that the 
earth is fufEciently rich to be wrought, place a table of 
feveral feet in length, and about a foot and a half in width, 
on the banks of the river with ledges round three of its fides. 
Pieces of fluff with a long nap are nailed on to this beard ; 
and the fand is thrown upon it, and warned, to carry away 
the lighter particles. "When the fluff is fufficiently charged 
with the fmall particles of gold, it rs fhaken into a veffel, 
agitated with water to carry off the lighted fand, and after- 
wards amalgamated with mercury ". Mr. Ell has given us 
an ample account of the procefs ufed in working the gold ores 
in Spaniili South America. A fufficient quantity of water is 
procured to wafli them. A flream is made to carry off the 
earth, and every lighter fubftance. Negro flaves, difperfed 
on the banks, throw in frelh earth; while others, ftanding 
in the brook, work it about with their feet and hands. Care 
is taken to lay pieces of wood acrofs the current of the water, 
to retain the lighter particles of the metal. This work is 

* For a very full account of the treatment of auriferous fands, the 
ving works may be co.ifulted : — I. The Memoir of Mr. Reaumur on 
the Auriferous Sands of France, printed among thofe of the Academy for 
the yean 17 18. 2. The Memoir of Mr. Guettard on the Ariege, inferted 
volume for 1761. 3. The Memoir upon the Gold which is obtained 
froi 1 the Ariege in the county of Foix, by the Baron de Dietrich. In 
this laft work, the various proceiTes are difcufled ; and this celebrated 
puneralogift pvopofes others more ^economical and advantageous. 
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continued for a month, and even for years together. When 
it is propofed to terminate it, the water is turned off; and 
then, in prefence of the mailer, the workmen take up the 
fand with wooden veffels, in the form of (hallow funnels, of 
one foot in diameter, at the bottom of which is an aperture 
of one inch in width. This diih is filled with fand ; and by a 
circular motion the lighter fubftances are caufed to flow off, 
while the heavier fettle to the bottom. The platina is after- 
wards feparated grain by grain, with the blade of a knife, 
upon a fmooth board. The reft is amalgamated, firfl by , 
working with the hands, and afterwards with a wooden pef- 
rie in mortars of guaiacum wood; after which the mercury 
is feparated from the gold by fire. 

The Baron de Born has reduced the method of working 
all the ores of filver and gold to one tingle* procefs. The 
account which he has given of this procefs in his work, may 
be reduced to the following operations: 

i. The mineral is pounded, divided, and fifted. 

2. It is properly roafted. 

•?. It is mixed with muriate of foda, water, and mercury ; 
and agitation is ufecr to facilitate the amalgamation. 

4. The mercury is expreflfed from the amalgam. 

5. TheexpreiTed mercury is expofed to diftillation. 

6. 1?he filver is refined by the cupel. 

Thefe operations were firft executed at Schemnitz in Hun- 
gary, and afterwards at Joackimftal in Bohemia, in the pre- 
fence of the greateft mineralogifts in Europe, fent thither 
by the various fovereigns of Europe. 

The muriate of foda is ufed to decompofe the fulphates 
produced by the calcinations. 

To determine the finenefs of gold with accuracy, the pu- 
rer! is fuppofed to be twenty-four carats, and thefe carats are 
divided into thirty-fecond parts; the carat is always repre- 
sented by a grain poids de marc. 

The law directs the operations to be performed upon 
twenty-four grains of gold, tolerates twelve, and prohibits 
fix, on account of the difficulty of appreciating the divifions 
which refult from thefe fmall quantities. 

In the parting alfay, very pure filver mud be made^ ufc 
of. This is mixed with the gold in the proportion of four 
to one, whirh has occafioned the name of Quartation to be 
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given to the procefs. Mr. Sage has found that two parts 
and a half of filver to one of gold form the mixture moit 
proper for making the cornet of alTay. The two metals are 
wrapped up in a thin piece of lead four times the weight of 
the gold, and this mixture is put into the cupel when it is 
very hot. The remit of the cupellation is a button contain^ 
ing fine gold and fine filver. This is flattened, lamellated, 
and rolled up into a fpiral; put into a fmall mattrafs, and fix 
gros or drams of pure nitric acid, at thirty-two degrees of 
concentration, are poured on it. As foon as the mattrafs is 
heated, the metal becomes brown, the filver is diflblved, 
and much red vapours are difengaged. At the end of fif- 
teen minutes the folution is decanted; and an ounce of very 
pure acid, rather more concentrated, is poured on, to carry 
away the laft portions of filver. This folution is decanted, 
_ after a digdtion of fifteen or twenty minutes; at which 
period warm water is added, and the cornet is walhed until 
the water comes off taftelefs. It is then dried in a crucible, 
weighed, and the finenefs judged by the diminution of its 
weight. 

Schindlers and Schutler have maintained that gold always 
retains a fmall quantity of filver, which they have called the 
Interhalt, or Surplus. Mr. Sage found a fixty-fourth part 
of a grain in the bed conducted afiay. 

In order to feparate the filver which, is diflblved in the 
nitric acid, this folution is diluted with a confiderable quan- 
tity of water, and flat pieces of copper are plunged in it 5, 
which precipitate the filver, as we have obferved in treating 
of the folution of filver. 

Gold, expofed to fire, becomes red-hot before it melts. 
When melted it fufFers no alteration*. Kunckel and Boyle 
kept it in a glafs-houfe furnace for feveral months without 
change. 

Homberg has never the lefs obferved that this metal, 
expofed to the focus of the lens of Tfchirnaus, fmoked, was 
Volatilized, and even vitrified in part. Mr. Macquer has 
verified this obfen r ation by the mirror of Mr. De Trudaine^ 
he obferved the gold fume, become volatilized, and covered 

* Gold, when fufed by a flrong heat, is of a beautiful greSQ colour 

(fori! _ -ju. 
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with a dull pellicle, which conftituted a violet-coloured oxide 
towards the middle. 

Gold is not attached by the fulphuric acid. 

The nitric acid appears to have a real action upon it. 
Brandt is the firfl who announced the folution of gold by 
this acid. The experiments were made in the prefence of 
the King of Sweden, and verified by his Academy. Meflrs. 
SchefFer and Bergmann have confirmed the aijfertion of 
Brandt; and Mr. Sage afterwards publifhed a feries of expe- 
riments on this fubject. I am convinced, from my own 
experiments, feveral times repeated, that the pureft nitric 
acid attacked gold in the cold, and dhfolved a fixty-fourth 
part of a grain. When very pure nitric acid is boiled upon 
gold equally pure, the folution may be afcertained in three 
ways — 1. By the diminution of the weight of the metal. 
2. By evaporation of the acid ; in which cafe a purple fpot 
remains at the bottom of the evaporatory veifel. 3. By the 
parting operation, by means of a plate of filver put into the 
liquor. In this cafe black flocks are in a ftiort time difen- 
gaged, which confift of the gold itfelf. Thefe phenomena 
appear to announce a true folution ; and not a fimple divifion 
or fufpenfion, as was fuppofed. 

The quantity of gold diflblved appeared to me to vary 
according to the ftrength of the acid, the time of the ebuU 
lition, and the thicknefs of the metallic body. 

The nitro-muriatic acid, and the oxigenated muriatic 
acid, are the true folvents of gold. Thefe acids attack it 
with greater energy in proportion as they are more concen- 
trated, and as the furface of the gold is larger. The folu- 
tion may likewife be accelerated by heat. 

This folution has a yellow colour, is cauftic, and tinges 
the /kin of a purple colour. If it be properly concentrated, 
it affords yellow cryftals, refembling topazes, which affect, 
the form of truncated octahedrons. Thefe cryftals are a 
true muriate of gold, according to Meffrs. Bergmann, Sage, 
&:c. If the folution of gold be difliiled, a red liquor is ob- 
tained, which confifts of the muriatic acid, coloured by a 
fmall quantity of gold which it has carried over. This fluid 
was di it ingui ftied by the adepts under the name of Red Lion. 

Gold may be precipitated- from its folution of feveral 
colours, according to the nature of the fubflances employed 
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to make the precipitation. Gold is precipitated by lime 
and magnefia in a yellow powder, in which the gold exiils 
nearly in the metallic flate ; a flight degree of heat only- 
being neceflary to convert it to that flare. 

Tne alkalis likewife precipitate gold in the form, of a 
yellowifh powder; and the precipitate is fo'Iuble in the 
inlphuric, nitric, and muriatic acids. Tiiefe concentrated 
folutions fuffer the gold to precipitate ; cryftais have noE 
been obtained from them. 

If ammoniac be poured on a yellowiili folution of gold, 
the colour diTappears ; but, at the end of a certain time, 
finall flocks are difertgaged, which become more and more 
yellow, and gradually ftibfide to the bottom of the vcfTel. 
This precipitate, being dried in the fhade, is known by the 
name of Fulminating Gold; a denomination which it has 
obtained on account of its property of detonating, when 
gently heated. 

Ammoniac, is abfoliitely decenary to produce this efFech 

The experiments of feveral chemifts have taught us-— 
i. That, by gently heating fulminating gold in copper tubes, 
one extremity of which was plunged in the pneumato-che- 
inical apparatus by the affiftarice of a fyphdri, alkaline gas is 
obtained, and the precipitate is deprived of its fulminating 
property: this fine experiment was made by Mr. ElcrtHolIet. 
2. Bergmann has obierved that, by expofmg Eliminating 
gold to a gentle heat, incapable of caufing it to fulminate, it 
becomes deprived of that property. 3. When the gold is 
made to fulminate, in tubes whofe extremities are mfcrted 
under a vefFel filled with mercury, the product is nitrogene 
gas, and fome drops of water. 4. By triturating fulminating, 
gold with oily Jubilances, it is deprived of its property of 
fulminating. 

From thefe eftablifhed facts', it is evident that fulminating 
gold fs a mixture of ammoniac and oxide of gold. When 
this mixture is heated, the oxigene is difengagect at the fame 
time with the hydrcgerie of the alkali. Thefe two gafes take 
fire by fimple heat, detonate, and produce water ; the. nitro- 
gene gas then remaining alone. From theft principles it: 
ought to follow, that oily fubflances which combine with the 
Oxigene, acids which feize the alkali, or a gentle and long- 
continued heat, which volatilizes the two principles without 

i n 
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inflaming them, ought to deprive this preparation of its 
property of fulminating. 

The nitrous fulphur which Mr. Baume fuppofed to be 
formed, in his explanation of this phenomenon, does not 
exift ; for the foiution of the oxide of gold by the fulphuric 
acid, when precipitated by ammoniac, affords a fulminating 
precipitate. 

Gold is precipitated from its foiution by feveral metals, 
fuch as lead, iron, filver, copper, bifmuth, mercury, zinc, 
and tin. This laft precipitates it inftantly in the form of a 
powder, dilcmguifhed by the name of the Purple Powder 
of Caffius. This precipitate is much ufed in porcelain ma- 
nufactories. . Some very good obfervations on this prepara- 
tion may be feen in the Dictionary of Macquer. 

Gold may likewife be precipitated from its foiution by 
ether : this liquor feizes the gold in a moment, and fome- 
times inftantly revivifies it. I have feen the gold form a 
ffratum at the furface of the liquor, and the two fluids no 
longer contained a particle. 

The fulphures of alkali diffolve gold completely. Nothing 
more is neceffary for this purpofe, than quickly to fufe a mix- 
ture of equal parts of fulphur and pot-afh with one-eighth of 
the total weight of the gold in leaves. This fubftance may 
then be poured out, pulverized, and diffolved in hot water. 
The foiution has a yellowiili green colour. Stahl affirms 
that Mofes diffolved the golden calf by a fimilar procefs ; and 
that, though the beverage muft have been of a difagreeable 
tafte, this circumftance was an additional reafon for prefer- 
ring the method, in order that the liradites might longer 
retain their difguft for idolatry. 

Gold unites with mod of the metals. 

Arfenic renders it brittle, as well as bifmuth, nickel, and 
antimony. All thefe femi-metals render it white and eager. 

Gold unites very well with tin and lead. Thefe two 
metals deprive it all of its ductility. 

Iron forms a very hard alloy with gold, which may be 
employed to much greater advantage than pure gold. 

Copper renders it more fufible, and communicates a reddifh 
colour to it. This alloy forms money, gold plate, and toys. 

Silver renders it very pale. This alloy forms the green 
gold of goldfmiths. 
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Gold is employed in a variety of purpofes. It is entitled, 
by the firfl rank which it holds among metals, to the mofc 
noble ufes. 

As its colour is agreeable to the eye, and is not fubjeft to 
tarnifh, it is ufed in ornaments, or as toys ; for which pur- 
pofe it is wrought into a thoufand forms. 

For fome purpofes it is drawn into very fine wire, and ufed 
in embroidery. For other purpofes it is extended into leaves 
fo extremely thin, that the flighted: breath of wind carries 
them away : in this form it is applied upon wooden articles 
by means of fize. 

For other purpofes it is reduced into a very fine powder ; 
in which cafe it is called Ground Gold, Shell Gold, Gold in 
Rags, &c. 

The ground gold is prepared by levigating the clippings 
of gold leaf with honey, wahYmg them with water, and 
drying the particles which fubfide. 

Shell gold confifts of ground gold mixed with a mucilagi- 
nous water. 

In order to make the gold in rags, pieces of linen are 
fleeped in a folution of gold, afterwards dried, and then 
burned. When it is required to ufe them, a wet cork is 
dipped in wood alhes, and rubbed upon fuch articles of 
filver as are intended to be gilded. 

For fome purpofes it is amalgamated with mercury. This 
amalgam is applied upon copper, the furface being previoufly 
well cleared. It miift be fpread very even, and the mercury 
driven off by heat. This forms the or moulu. 

A coating of gilders wax is laid over the gold thus applied. 
This is made with red bole, verdigris, alum, and fulphateof 
iron, incorporated and fufea with yellow wax. The piece 
is heated a fecond time, to burn off the wax. 

Gold was formerly ufed in medicine. This remedy was 
much in falhion in the fifteenth century. Its goodnefs has 
at all times been proportioned to the dearnefs of the drug. 
Bernard de PalifTy exclaimed flrongly agaihft the apotheca- 
ries of his time, who demanded ducat gold from the fick to 
put into their medicines, under the pretence that the purer 
the gold the more fpeedy would be the reiteration of the 
health of the patient. 
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As this metal is highly valued, the rnge of formu 
conftitutcd & known feet, under the name of Alchemiils, 
which may be divided into two dalles. The one very igno- 
rant, frequently unprincipled, and mod commonly uniting 
both qualities, fullered themfelve? to be imnoied on by certain 
phenomena, :uch as the increafe of weight of metals by 
calcination, the precipitation cf one metal by another, and 
the yellow colour which fome bodies, and certain prepara- 
tions afjccL They grounded their notions on certain vague 
principles concerning the formation of bodies, their common 
origin, their feeds, Szc. 

It is this feci: which has caufed alchemy to be defined, ars 
f.ne arte, cujus frhuipium eft mentiri, medium labcrare, ter- 
iitiin niendicnre. Thefe alchemifts, after having been them- 
felves the dupes for a confiderable time, always endeavoured 
to impofe on ■ and there are a thoufand tricks and 

impofitions related of this clafs of men, which deferves only 
to be de'fpifed and pitied. 

There is another clafs of alchemifls which dp not deferve 
to be of public derifion and contempt. This 

is formed of celebrated men, who, grounding their ideas on 
the received principles have directed their refearches towards 
this object. This clafs of men is valuable on account cf 
their genius, probity, and conduct. They have formed a 
language, held fcarcely- any communication but with each 
other, and have at all times diftinguiftied themfelves by their 
auflere manners, and their fubmifTion to Providence. The 
celebrated Becher is a name which alone fuffices to render 
this feci: refpeclable. The following paiTage, extracted from 
Becher, exhibits an idea of their language, and manner of 
pro i:\ this iludy. 

" Fac ergo ex luna et fole mercurios, quos cum primo ente 

fulphuri ita, praecipitatum philofophorum igne atte- 

nua, exalta, et cum fate bbracis philofophorum iiquefac et 

fige donee fine fumo fluat. Qua?, licet breviter chela finf, 

long i hibore acquiruntur et itinere, ex arenofo nam- 

tl ico mari, inmarerubrum aqueum, et ck 

hoc in I : v.m ardens mare mortuum itinerandum eft, 

ricn fine fcopujonim et voraginum pcriculo, nos, Deo fint 

jafri appullmus ad portum." Becher, Phyf. Sub. i. 

cap, iii. page 461. in 8vc. And ff/czvbsre, " Conclude, 
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enim, pro theft firmiffrna, afinus eft qui contra alchynsiam 
loquitur, fed ftuhus et nebulo qui illam practice vcnalem ex- 
ponit. 

. The enlightened alchemifts have enriched chemiftry with 
moft of the products which were known before the late revo- 
lution. Their knowledge and their indefatigable ardour put 
them in the fmiation of profiting by all the interesting facts 
which offered themfelves. 

God forbid that I fliould induce any perfon to enter into 
this path. I would ufe every effort to prevent any one from 
engaging in this refearch, fo full of difappointment, and fo 
dangerous to attach the mind to it. But I am of opinion 
that the alchemifts have l^en too lightly treated j and that 
this feft, which on many accounts is worthy of commendation, 
has not received the efteem and gratitude it is entitled to. 

In addition to thefe reafons, I muft obfcrvethat chemical 
phenomena become fo wonderful ; the torch of. analyiis ha > 
enlightened us to fuch an extent: we now decompofe and * 
reproduce fo many fubftanccs, which ten years ago were 
confidered with equal probability as indecompofable as gold 
is now thought to be j that no chemift can take upon him to 
affirm that we may not arrive at the art of imitating nature 
in the formation of metals. 



CHAPTER XV. 

■ i 
Concerning Platina. 

W E were unacquainted with platina until the y.*ar 
1748. It is to Don Antonio Ulloa, who accompanied the 
French Academicians in their famous voyage to Peru, to 
determine the figure of the earth, that we are indebted for. 
our firir. notions of this metal. 

Charles Wood, who had himfclf brought this metal from 
Jamaica, made experiments upon it, which are related in the 
Fhilofophical Transactions for the year 1749 and 1750. 

Since that time, all the chemifts in Europe procured this 
mctJ. Meffrs. Schcffer in Sweden, Lewis in Engand, 
Margraff in Pruflia, Macquer, jBaume,. De B.uiTon, De 
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Milly, De Line, De Morveau, have fuccelTively made 
refearches on this fubflance; and we are indebted for great 
part of our prefent knowledge of this metal to the Baron de 
Sickengen. 

Platina has hitherto been found only in the metallic ftate. 
Its form is that of fmall grains or flattened plates, of a livid 
white colour, intermediate between that of filver and iron: 
it is from this colour that it derived its name of Platina, or 
Little Silver. If the grains of platina be carefully examined, 
it is found that fome of them are rounded, and others angular. 

It has been found among the auriferous fands of South 
America, near the mountains of the diflricls of Novitaand 
Cytara. Thefe two metals are almofl conftantly accompa- 
nied by a ferruginous fand obedient to the magnet. The 
platina of commerce ufually contains a fmall quantity of mer^i 
cury, arifing from the amalgamation which the ore has 
undergone in extracting the gold. When it is required to 
have platina in a very pure ftate, it muft be expofed to heat, 
to drive off the mercury; and magnetical parts, and the iron, 
muft be forted out with the magnet. Platina itfelf is {lightly 
attracted by the magnet. M. L. affirms, in a Memoir read 
to the Academy of Sciences at Paris in the year 1785,. that 
the lighter pieces of platina only are attra&ed by the magnet, 
and that they ceafe to be acted on when they exceed a cer- 
tain fize. The largeft piece of platina which has been feen, 
is of the fize of a pigeon's egg. It muft be in the poiTcffion 
of the Royal Society at Bifca. 

"ivl. L. affirms that platina is malleable in its natural (late; 
and he paffed it through the flatting mill in the prefence of 
MefTrs. Tillet and Darcet. 

Platina undergoes no alteration by expofure to the air; 
and fire alone does not even appear to poffefs the power ot 
changing it. MefTrs. Macquer and Baumc kept it Several 
days^in a glafs-houfe furnace, without its grains having Of- 
fered any other change than that they were flightly aggluti- 
nated. It has neverthelefs been afcertained that heat, kept 
up for a long time, tamiihes its furface, and incrcafes its 
weight. Margraff formerly made this obfervation. 

Platina, expofed to the focus of the burning mirror o r 
De Trudaine, fumes and melts. This metal may be harri- 
rnered like gold and filver. It may likewife be fufed upon 
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charcoal, by the affiftance of oxigenous gas. This fubftance 
refills the aftion of the acids, fuch as the fulphuric, the nitric, 
and the muriatic acids; it is foluble only in the oxigenated 
muriatic and the nitro-muriatic acids. One pound of the 
latter, digefted on an ounce of platina, firft affumes a yellow 
colour, then an orange colour, and laftly a very obfcure 
brown. This folution tinges animal fubftances brown; it 
fpontaneoufly depofits fmall irregular fawn coloured cryftals; 
but, if it be concentrated, larger cryftals are obtained, 
fometimes of an oclahedral form, as Bergmann has obferved. 
The muriate of platina is fcarcely caultic, though (harp; it 
fufes in the fire, gives out its acid, and leaves an obfcure 
grey oxide. 

The fulphuric acid, poured on this folution, forms a pre- 
cipitate of a dark colour; the precipitate occalioned by the 
muriatic acid, is yellowifh. 

The alkalis precipitate platina from its folution; but, if it 
be gradually precipitated by pot-afh, the precipitate is dif- 
folved by the alkali in proportion as it is formed. 

A folution of the muriate of ammoniac, poured into a 
folution of platina, forms an orange-coloured precipitate, 
which is a true faline fubftance, totally foluble in water. 
This precipitate has been fufed by Mr. De Lifle in a common 
fire (of a furnace). The refult of the fufion is platina, ftill 
altered by fome portion of faline matter; for it does not ac- 
quire dueTility but by expofure to a much ftronger heat. 

The property which the muriate of ammoniac pofTefTes of 
precipitating platina, affords a very fimple method ofafcer- 
taining the mixture of this metal with gold : fo that the fear 
of this alloy, which had alarmed the Spanifli miniftry fo 
much as to occafion them to forbid its being wrought, does 
not at prefcnt exift, as we pofTefs a fimple method of afcer- 
taining the fraud: and it is much to be wiihed that this very 
precious metal fhould be reftored to the arts, to which it 
cannot but be very ufeful, by its brilliancy, its hardnefs, and 
its unchangeable nature. 

The procefs of Mr. De Lifle to fufe platina, was publi (li- 
ed in 1774. Mr. Achard publifhed a Ampler method, nearly 
at the fame time: it confills in taking two gros of platina, 
twogros of the white oxide of arfenic, two gros of the acidu- 
lous tartrite of pot-all), and putting the 
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Kited. This is to be expofed for an hour to a violent I 
which fufes the piatina; but it is brittle, and whiter than 
ordinary piatina. It is then to be expofed to a considerable 
heat under a muffle; by which means all the arfenic which 
was combined with the piatina is difflpated, and this metal 
left in a (late of purity. Veffels of piatina may be formed, by 
filling clay moulds with the alloy of piatina and arfenic; and 
expofing the mould in the muffle, to dillipate the femi-metal. 

Mr. De Morveau fubflituted the arfeniate of pot-afh to 
advantage, inflead of arfenic; and he had already fufed 
piatina with his vitreous flux, made of pounded glafs, borax, 
and charcoal. 

Mr. Pelletier fufed piatina, by mixing it with phofphoric 
glafs and charcoal. The phofphorus then unites with the 
piatina; and the phofphure of piatina is expofed to a degree 
of heat fufficient to volatilize the phofphorus. 

Mr. B'aume advifes to fufe piatina with a flight addition of 
lead, bifmuth, antimony, or arfenic; and to keep the alloy 
in the fire a lqng time, to diflipate the metals which have 
facilitated the fufioh. 

Piatina may likewife be fufed with a metal foluble in an 
acid: the mixture being pulverized, the alloyed metal may 
be diifolved; and the powder of piatina may then be fufed 
with the flux of De Morveau. 

Inftead of ufmg a foluble metal, a cakinable rneta! may be 
employed, and treated as before. 

The cubic foot of crude piatina weighs io'g2livres i ounce 
7 gros 17 grains; piatina purified and fufed weighs 1365 
livres; and purified piatina forged weighs 1423, 8, 7, 64. 

Moil of the neutral falts have no perceptible aclion upon 
piatina. The refuits of feveral curious experiments may be 
feerj in the Memoirs of MargrafF. 

The nitrate of pot-afh alters piatina, according to the ex- 
periments of Lewis and MargrafF. Dr. Lewis, by heating 
a mixture of one part of piatina and two parts of this ni- 
trate, during three times twenty-four hours, obferved that 
the metal affbmed a rufly colour. By diffufing the mixture 
in water, the alkali was diflblved; and the piatina, deprived 
of all- the foluble matter, is diminiilied one-third. The 
powder taken up by the alkali is the oxide of iron., mixed 
with the oxide of piatina. 
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Thefe experiments, aslikewife the property which platina 
polTefTes of being acted on by the magnet, prove thai: it con- 
tains iron ; and Mr. de Buffon has concluded that this metal 
is a natural alloy of gold and iron. But it has been objected 
that the artificial alloy of thefe two metals, made in every 
pofiible proportion, never refembles platina; that this metal 
departs more from the properties of gold in proportion as it is 
'deprived of iron: fo that it is confidered as a truly peculiar 
metal. 

This metal is capable of being alloyed with moll of the 
known metals. 

SchefFer firfl affirmed that arfenic rendered it fufible, 

Mcffrs. Achard and De Morveau have availed themfelves 
of this property to fufe it, and compofe vefTels. 

Platina eafily unites with bifmuth. The refult is eager, 
■very brittle, difficultly cupelled; and the refult is a mafs which 
has little ductility. 

Antimony likewife facilitates the fufion of platina. The 
'alloy is brittle ; part of the antimony may be diferigaged by 
fire; but a fufficient quantity remains in Combination to de- 
prive the platina of its weight and ductility. 
■' Zinc renders this metal more fufible. The alloy is very 
hard; great part of the zinc maybe volatilized by fire; but 
the platina always retains a fmall quantity. 

This metal unites eafily with tin. This alloy is very fufi- 
ble, and flows clear; it is eager, and very brittle: but 
when the tin is iri a large proportion, the alloy is ductile; its 
grain is coarfe, and it becomes yellow by expofure to the air. 

Lead unites very well with platina. A itronger heat is 
required to fufe this than the foregoing alloy. It is not duc- 
tile; is no longer capable of being abforbed by the cupel, 
the abforption only taking place when the lead is in excefs; 
but the platina remains always united to a confiderable por- 
tion of the metal. Neverthelefs Meifrs. Macquer and Baume 
cupelled one ounce of platina and twenty ounces of lead, by 
expofing this alloy, for fifty hours, in the hotted part of the 
porcelain furnace at Seves. Mr. De Morveau had the fame 
refult in Mr. Macquer's wind-furnace : the operation lafiedt 
between eleven and twelve hours. Mr. Baume obferved 
that the platina obtained by this procefs pofieiTes the power 
oi being forged and lbldered completely, without the affifl- 

30 
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ance of any other metal, which renders it a mod valuable 
acquisition in the arts. 

Dr. Lewis could not unite forged iron with platina; but 
having melted crude iron with this metal, there refulted an 
alloy fo hard that the file could not touch it j it was ductile in 
the cold, but broke fhort when hot. 

Copper and platina alloyed together form a very hard me- 
tal, which is ductile, while the copper predominates in the 
proportion of three or four to one: it takes a fine polifh, and 
was not tarniihed during the fpace of ten years. 

Platina, alloyed with filver, deprives it of its ductility, 
increafes its hardnefs, and tarniihes its colour. Thefe two 
metals may be Separated by fufion and repofe. Lewis 
obferved that the filver which is fufed with platina is thrown 
up again ft the fides of the crucible with a kind of exploSion: 
this phenomenon appears to be owing to the filver, as Mr. 
Darcet found it break porcelain balls in which it was inclo- 
fed, and. out of which it was projected by the action of the fire. 

Gold is not capable of being alloyed with platina but by 
the mod violent heat: the colour of the gold is prodigiouily 
altered, and the alloy poffeffes confiderable ductility. 

We know enough of the properties of this metal to pre- 
fume that it will prove of the greateft ufe in the arts. Ita 
almoft abfolute infufibility, and its unchangeablcncfs, render 
it of extreme value to form chemical vcfTels, fuch as cruci- 
bles, and the like. The property of foldering or welding 
without mixture, renders it preferable to gold or filver. 

Its denfity and opacity render it likewife of great value for 
the construction of optical instruments; and the abbe Rochon 
has constructed a mirror whofe effect greatly furpaSTes that 
of the mirrors before made of Steel and other metals. This 
metal unites two qualities never before found in one and the 
fame fubftance. Like other metallic mirrors, it reflects but 
one Single image ; at the fame time that it is as unchange- 
able as the mirrors of giais. 
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CHAPTER XVI. 
Concerning Tungsten and Wolfram, 



We 



E are acquainted with two minerals which may 
be diflinguiihed by the generic title of Tungften: the one 
vhite, and known by the name of Tungften, or the Heavy 
Stone of the Swedes; the other known by the name of 
Wolfram by mineralogifts. We fliall examine each fepa- 
jately. 

ARTICLE I. 

Concerning Tungften. 

Tungften is a fubftance of an opake white colour, very 
heavy, and of a moderate degree of hardnefs : its cryftals 
are octahedrons. Its fpecific gravity is 6,0665', according to 
Briffon ; from 4,99 to 5,8, according to Kirwan. The 
cubic foot weighs 424 livres 10 ounces 3 gros 60 grains. 

When expofed without addition to the flame of the blow- 
pipe, it decrepitates without melting. With foda it is divi- 
ded with a flight efrervefcence ; is partly foluble in the native 
phofphate, or microcofmic fait; and affords a fine blue colour 
without the lead appearance of red in the refracted light, 
as happens with cobalt. It is foluble in borax without efFer- 
vefcence. 

' Bergmann affirms that by pouring the muriatic acid upon 
pulverized tungilen the powder immediately afiiimes a line 
bright yellow colour. To this character Schcele adds i]at 
of becoming blueifh when boiled in the fulphuric acid. 

This fubftance has a fparry appearance, and was long 
confounded with the white tin ore. It is found at Bitf! 
at Riddharhittan, at Marienburg, at Altemburg in Saxony, 
and at Saubergnear EhrenfriederfdoriF. 

Mr. Rafpe, in Crell's Annals for June 1785, gave an 
account of two mines of tungften in the province of Corn- 
wall, from which thoufands of tons might be extracted. 
This philofopher obtained the metal in the proportion of 
about thirty-fix livres the quintal. He adds that this metal 
Contains little iron ; that it is very fixed, and refractory in the 
fire: and that it acts on glafs like the hardeft fteel. 
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Cronftedt arranges the tungften among iron ores; and 
defines it to be ferrum calaforme terra quddam incognita 
irJime mixtum. 

Scheele has affirmed that it is a fait refulting from the com- 
bination of calcareous earth with a peculiar acid; which acid, 
combined with lime-water, regenerates tungften. 

Bergmann confiders the acid earth of tungften as a metal- 
lic acid. 

Several procefTes are at prefent known for extracting the 
acid of tungften. 

i . Any defired quantity of this mineral is to be pulverized, 
and fufed with four times its weight of carbonate of pot- 
afli, and poured out upon a plate of metal. The mafs is 
then to be diifolved in twelve parts of boiling water. A 
white powder feparates during ■ the folution, and falls to the 
bottom of the vcflel. This precipitate is a true carbonate 
of lime, mixed with a fmall quantity of quartz, and a por- 
tion of undecompofed tungften. The carbonate of lime may 
be taken up from the precipitate by nitric acid; and the 
remaining tungften being mixed with the former proportion 
of carbonate of pot-afh, is to be fufed, diflbrved, and by a 

:cL : ticn of thefe operations will at length be totally decom- 
pofed. Tl.e water in which the fufed manes were warned, 
holds in folution a fait formed by the tungftic acid and the 
alkali made ufe of. If this folution befaturated with nitric 
acid, ir feizesthe alkali; the folution becomes thick; and a 
V/hits powder falls down, which is the tungftic acid. 

2. Scheele, the author of this fir ft procefs,. propofcs a 
fecond, which confifts in digefting three parts of weak nitric 
acid upon one of pulverized tungften. This powder be- 
comes yellow; the fluid is then decanted, and two parts of 
ammoniac are poured upon the yellow powder. The pow- 
der then becomes white; and in this way the repeated aclions 
of the acid and the alkali are applied until the tungften is 
diflblved. Out of four fcruples, treated by Scheele in this 
manner, there were three grains of infoluble matter, which 
was a true quartz. By adding the prufliate of pot-afh to the 
nitric acid, made ufe of, he obtained two grains of Frufiian 
. blue; pot-afh precipitated three of chalk; and the ammoniac 
uniting to the nitric acid, precipitated an acid powder, which 
Is the. true tungftic acid, 
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In this experiment the nitric acid feizes the lime," and un- 
covers the tungftic acid, which is feized by the alkali. 

The muriatic acid may befubftituted to advantage inftead 
of the nitric acid, and even gives it a yellower colour. 

Scheele and Bergmann confidered this acid powder as the 
true tungftic acid in a flate of purity. MeiTrs. Delhuyars 
have afferted that this acid was mixed with the acid &ade 
ufe of in obtaining "it, and alfo with the alkali ; they affert 
-that the yellow powder which is uncovered by the digeftion 
of the nitric acid, is the true acid oxide of tun^tten without 
mixture. 

The white powder which is obtained by decompofing the 
alkaline folution of tungften by an acid, is acid to the tafte, 
reddens the tin£ture of turnfole, precipitates the fulphure of 
alkali of a green colour, and is foluble in twenty parts of 
boiling water. 

Properties of the white powder ob- Properties of the yellonv matter obtain- 
tained by decompcfing the folution ed by fire or ly acids. 
of the ore of tungsten by an acid. 

i. An acid tafte, reckoning the i. Infipid, reddening the tincrare 

tincture of turnfole, of turnfole. 

2. Expofed to flame urged by 2. Treated with the blow-pipe, 
the blow-pipe, it palTes to a brown it preferves its yellow colour in the 
and black colour, without affording external flame ; but fwells up, and 
either fumes or figns of fufion. becomes black, withotit fufing, in 

interior blue flame. 

3. It is foluble in twenty parts 3. It is infoluble, but capable of 
of boiling water. becoming fo divided as to pafs 

through the filters. 

4. It becomes yellow by boiling 4. The three mineral acids have 
in the nitric and muriatic acids, and no action upon it. 

blueifh in the fulphuric acid. 

From this comparifon it appears that the acid is purer in 
the yellow powder than in the white ; and the faline combi- 
nations of thefe two fubftances have confirmed MeiTrs. Del- 
huyars in their opinion. 

The yellow acid, combined with pot-am, either in the 
dry or humid way, forms a fait with excefs cf alkali. If a 
few drops of nitric acid be poured on this fait, a white pre- 
cipitate is inflantly formed, which is rediifolved by agitation. 
When all the alkali is faturated, the folution is bitter ■; if 
more acid be poured in, the precipitate which falls down;'", 
no longer foluble. This precipitate, when well edulcorated. 
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is exactly of the fame nature as the white powder we have 
fpoken of. The experiments of Meffrs. Delhuyars, and of 
Mr. De Morveau, prove very clearly that this white powder 
contains the acid of tungften, a portion of the pot-afh with 
which it was before combined, and a fraall quantity of the 
precipitating acid. 

It is therefore well proved that the yellow matter is the 
pure oxide, and the true tungftic acid. It is likewife very 
certain that this acid exifts ready formed in the metal ; and 
that its oxigene is afforded neither by the decompolition of 
another acid, nor the fixation of the oxigenous gas of the 
atmofphere ; it appears to exifi in the mineral, and to con- 
flitute a kind of fait of many principles. 

The pure tungflic acid diffolves ammoniac ; but the refult 
is always J with excefs of alkali. This folution affords by 
evaporation fmall cryflals, of a penetrating bitter tafte, folu- 
ble in water, . and then reddening blue paper. The allali 
is eafily feparated ; and thefe cryflals return by calcination 
to the date of yellow powder, entirely fimilar to that which 
entered into its compofition. If the calcination be made in 
clofed veffels, the refidue is of a deep blue colour ; for the 
yellow colour does not appear unlefs the calcination be made 
in the open air. 

The experiments of Mr. De Morveau permitted him to 
clafs the affinities of this acid in the following order, which 
is the fame as that of the arfenical acid, lime, barytes, mag- 
nefia, pot-afh, foda, ammoniac, alumine, metallic fubftances, 

ARTICLE II. 

Concerning Wolfram. 

Wolfram is of a blackifh brown colour, fometimec affect- 
ing the form of an hexahedral comprefTed prifm, terminated 
in a dihedral fummit. Thefe furfaces are frequently ftcJatffd 
.udinally. Its fracture is lamellated, foliated, and the 
leaves are flat, though rather confufed, Externally it reiem- 
bles fchorl j but is not fufible, and is incomparably heavier. 

Some mineralogifts have taken it for an arfenical ore of 
tin ; others for manganefe, mixed with tin and iron. Meffrs. 
Delhuyars, who marie a /Trict amilyfis of it, found it to 
contain manganefe 22, oxide 134, quartzofe powder 2, 
yellow powder or tungftic acid G$. 
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The wolfram which was analyfed by thefe chemifts, came 
from the tin mines of Zinnwalde, on the frontiers of Saxony 
and Bohemia. Its fpecific gravity was 6,835. 

Wolfram does not melt by the blow-pipe without addition, 
its angles being fcarcely rounded. With the native phofphate, 
or microccfmic fait, it melts with effervefcence, and affords 
a glafs of an hyacinth colour. 

It effervefces with Borax, and forms a greenifh yellow giafs. 
in the blue flame. This glafs becomes red in the external flame. 
Pulverized wolfram upon which the muriatic acid is boiled, 
anilines a yellow colour like tungften. 

MeiTrs. Delhuyars fufed in a crucible two gros of pulve- 
rized wolfram, and four gros of pot-afh. The fufed mixture 
being poured out on a plate of copper, a black matter 
remained in the crucible ; which, when well edulcorated, 
weighed thirty-feven grains, and was found to be a mixture 
of iron and manganefe. 

The mafs which had been poured out was dilTolved in 
water, filtered, and faturated with nitric acid. It afforded 
a white precipitate, abfolutely fimilar to that obtained from 
tungften by a fimilar procefs. 

The procefs of Scheele, by the humid way, fucceeds 
equally well, and even appeared to MeiTrs. Delhuyars to be 
more advantageous. They prefer the difengagement,. by 
mere heat, of the ammoniac which holds the tungftic acid 
ia folution. One hundred grains of wolfram, treated with 
the muriatic acid and ammoniac, afforded them fixty-five 
grains of a yellow powder, which is the pure acid. 

This yellow acid powder unites with mod of the metals. 
MeiTrs. Delhuyars relate the following fadls ; 

1. One hundred grains of gold leaf, and fifty grains of 
the yellow matter, urged by a violent heat for three quar- 
ters of an hour, in a crucible lined with charcoal, afforded ; 
a yellow button, which crumbled in pieces between the fin- 
gers, and internally exhibited grains of gold, with others of 
a grey colour. This button weighed one hundred and thirty- 
nine grains; and was cupelled with lead, though with difficulty. 

2. Similar proportions of platina and- the yellow matter, 
treated in the fame way (for an hour and a quarter), afforded 
a friable button, in which grains of platina were diflinguiih- 
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able, of a whiter colour than ordinary. It weighed ond 
hundred and forty grains. 

3. With filver, the yellow matter formed a button of a 
white greyifh colour, rather fpungy, which extended itfelf 
eafiiy by a few ftrokes of the hammer ; but on continuing 
them, it fplit in pieces. This button weighed one hundred 
and forty-two grains, and the mixture was perfect. 

4. With copper, it afforded a button of a coppery red 
colour, inclining to grey, which was fpungy, and considerably 
ductile. It weighed one hundred and thirty-three grains. 

5. With crude or cart iron, of a white quality, it afforded 
a perfect, button, whofe fracture was compact, and of a greyifh. 
white colour. It was hard, brittle, and weighed one hundred 
and thirty- feven grains. 

6. With lead, it afforded a button of an obfeure grey 
colour, with very little brilliancy, fpungy, very ductile, and 
fplitting into leaves when hammered. It weighed one hun- 
dred and twenty-feven grains. 

7. The button formed with tin was of a lighter grey than 
the preceding, very fpungy, fomewhat ductile, and weighed 
one hundred and thirty-eight grains. 

, 8. The button of antimony was of a bright grey, rather 
fpungy, brittle, and eafiiy broken ; it weighed one hundred 
and eight grains. 

9. That of bifmuth prefented a fracture which, when feen 
in one direction, was of a grey colour, and metallic luftre; 
but in another direction it appeared like an earth without 
any luftre : but in both cafes an infinity of pores were feen 
over the whole mafs. It weighed fixty-eight grains. 

id. The button formed with zinc was of a black greyiih 
colour, and an earthy afpect, very fpungy, and brittle : it 
weighed forty-two grains. 

1 1. With common manganefe it afforded a button of a 
blueifh grey colour, and earthy afpect. Its internal part, 
examined with a lens, refembled an impure fcoria of iron; it 
weighed one hundred and feven grains*. 

* In CulJen's Translation of the Chemical Analyfis of Woifrani, 
printed in London in 1785, I find the word bratvn in every place where 
M. Chaptal has ufed the word grift, or grey. Not having the original, I 
cannot fpeak with certainty j bat from circumilances conclude this lad ta 
be right. T. 
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Thefe experiments confirm the fufpicion of the celebrated 
Bergmann; who, from the fpeciiic gravity of ti 
and its property of colouring the native orate 

of foda, concluded that it was of a metallic nature, ' 

The change of colour which accompanies its r 1, its 

increafe of weight by calcination, its metallic afpect, 
its uniting with other metals, are inconteftable proofs of its 
p«tallic nature. The yellow matter mud therefore be con- 
sidered as a metallic oxide; and the button obtained by e: 
fing this oxide to a flrong fire, with powder of charcoal, is 
a true metal. 

Meffrs. Delhuyars having put one hundred grains of the 
yellow matter into a lined crucible well clofed, and expofed 
it to a ftrong heat for an hour and a half, found upon break- 
ing the crucible, when cold, a button which was reduced to 
powder between the fingers: its colour was grey. On exa- 
mining it with the magnifier, an aflemblage of metallic glo- 
bules were feen, among which fome were of the bignefs of a 
pin's head, and when broken exhibited a metallic fracture 
refembling fteel. It weighed fixty grains, and of courfe 
there was a diminution of forty. Its fpecinc gravity was 
17,6. Having calcined a part of it, it became yellow with 
*-4o increafe of weight. The nitric and the nTtro-muriatic 
acid changed it into a yellow powder. The fulphuric 
and muriatic acids diminiilied its weight, and their folution 
let fall Pruffian blue. The metallic grains ahv&ys remained 
after the action of thefe acids. This metal fliews various 
properties, which diftinguifh it from all others known. 1. 
Its fpecinc gravity is 17,6. 2. It forms peculiar glafs with 
the feveral fluxes. 3. It is almofl abfolutery >le, much 

lefs fufible than manganefe. 4. Its oxide is of a yellow co-' 
lour. 5. It forms peculiar alloys with the known metals. 

6. It is infoluble in the fulphuric, muriatic, nitric, and nitro- 
muriatic acids; and thefe two lad convert it into an oxide. 

7. The oxide combines with alkalis. 8. The oxide is info- 
luble in the fulphuric, nitric and muriatic acids, and 

a blue colour with this lad. 

Wolfram ought to be confidered as an ore, in whicl 
metal is combined with iron and manga; frs. Del- 

huyars have proved. 

3? 
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CHAPTER. XVII. 

Concerning Molybdena. 

£ WD fabfhnces have long been confounded toge- 
ther under the name of Black Lead Ore, Mineral Lead, 
Plumbago, and Molybdena, which the more accurate ana- 
Ivfis of die celebrated Scheele has proved to be of a very 
different nature. 

Molybdena cannot be confounded with the mineral of 
which black lead pencils are made, which is called Plumbago. 
The c&ara&er'iftiic differences are fufncienily evident to leave 
no doubt on tin's fubjeft, 

Moivbdcna is compofed of fcaly particles, either large or 
.11, and ilightly adherent to each other'. It is foft and fat 
to the touch, foils the fingers, and makes a trace of an am- 
grey colour. Its afpect isblueim, nearly refembling that of 
.!. The mark it makes on paper has an argentine brilli- 
ancy ; whereas thbfe of plumbago are of a darker and lefs 
ining colour': its. powder is blueim; by calcination it emits 
a fmelT of fulphur, and leaves a whitifn earth. The nitric 
and the arfenical acids are the only acids which attack it 
effe&ually; it isfoluble infodawith effervefcence before the 
blow-pipe; itcaufes the nitrate of pot-alh to detonate, and 
ayes a reddiih refidue; when expofed to the flame of the 
blow-pipe inlhcfpoon, it emits a white fume. 

plumbago is lc r s fat, lefs granulated, and compofed of 
fmall brilliant particles. It lofes in the fire ?5* of its weight, 
an, s is an oxide of iron. 

s been found in Iceland, in Sweden, in 
, ; ], in Fiance, &c. that of Iceland is found 
•d feld fpar mixed with quartz. 

ve Mr. Pelletier famples of molybdena 
lar to thofe of Iceland, which he had colk'cled in the 
te named Grande Montague de Chateau Lambert, near 
Tiiiot, copper mine was formerly wrought. 

W )wles appears to have found molybdena near 

z of Rex! de Monafterio: it is in banks of grit ftone, 
mes mixed with grani 
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The molybdena of Nordberg in Sweden is accompanied 
with iron that obeys the magnet. 

The: molybdena of Altenlberg in Saxony nearly refembles 
that of Nordberg. 

Mr. Pelletier analyfed all thefe fpecies; and his work may 
be consulted in the Journal de Phyfique for !/<■$; but the 
experiments we mail here relate were made vkh that o£ 
Altemberg. 

Molybdena, expofed to heat on a tePc, becomes covered, 
after the fpace of an hour, with a white oxide; which, 
when col levied by a procefs fimilar to that ufed with the jfbfb- 
limed oxide of antimony, has all the appearances of this lafF 
■fubftanoe. The whole of the molybdena may by tills m 
be converted into oxide. We are indebted to Mr. Pelletier 
for this fine experiment, which had efcaped Scheele. 

Molybdena is fndeftructible in clofe veffels, and prodigi- 
oufly refractory, according to the experiment of Mr. Pelletier, 
made with balls of porcelain expofed to the moft intenfe heat. 

Molybdena treated with the black flux was not reduced,^ 
nor even deprived of its fulphur. 

Molybdena fufed with iron affords a button, which refent- 
bles cobalt: it unites likewife perfectly with copper; but 
when mixed with lead and tin, it renders them fo refractory 
that the refuits are pulverulent and infufible alloys. 

The oxide of molybdena obtained by calcination, of by 
the action of the nitric acid, is not reducible when treated 
with black flux, alkali, charcoal, or the other faline fluxes j 
neverthelefs if the oxide of lead or copper be added, the me- 
tals which refult are alloyed with a portion of molybdena, 
which may be feparated. 

The oxide of molybdena made into a pafte with oil, dried 
by the fire, put into a lined crucible, and urged by a violent 
heat for two hours, afforded Mr. Pelletier a fubftance flight- 
ly agglutinated, which could be broken with the fingers. 
It was black, but perceptibly of a metallic afpecl. When 
veiwed with tlic magnifier, fmall round grains of a greyhh 
metallic colour were feen, which are the metal of molybdena. 
It is prodigioufly refractory : for the fire which Mr. Pelletier 
gave was ltronger than that which Mr. Darcef ufed in the 
fame forge to fufe platina and mangancfe, 
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i. Molybdena is calcinabie, and palles to the Mate of a 
very white oxide, i. It detonates with nitre, and the refi- 
cue is an oxide of manganefe mixed with alkali. 3. The 
nitric acid converts it into a white acid oxide. 4. The alka- 
lis difengage hydrogenous gas from it in the dry way, and 
the refidue is the oxide of manganefe and alkali. 5. It 
alloys with the metals in different manners. Its alloys with 
iron, copper, and filver, are very friable. 6. When treated 
with fulphur it regenerates the mineral molybdena. 

According to iMr. Kirwan, the mineral of molybdena 
contains fifty-five pounds fulphur, and forty-five metal. The 
iron is accidental. 

To redu e the mineral molybdena to powder, Scheele 
directs that it be triturated in a mortar with a fmall quantity 
of fulphate of pot-a(h. The powder is afterwards wafhed in, 
hot water, to carry oil the fait, and the nfolybdena remains 
pure. 

his ore is a true pyrites, which, when treated with the 
blov*-pipc, emits a white acid fume. But as this method 
rds only a finail quantity of oxide, another method is 
ufed to obtain it. Thirty parts of nitric acid are dillilled 
on one of powder of molybdena; care being taken to ufe 
a large retort, and to pour the acid on at feveral times, 
having previoufiy diluted it with one-fourth of water. The 
receiver being luted en, the t n is performed on the 

fand-bath. When the fluid begins to boil, a considerable 
(iky of nitrons gas comes over. The diftillation being 
continued to dryaefs, ! here remains a powder, upon which 
.Iditional dofe of nitric acid is poured ; and this manage- 
ment is repeated until all the nitric acid has been ufed. At 
the end of the procefs there remains a refidue as white as 
chalk, which is to be warned with water to carry off a fmall 
quantity of fulphuric acid, which is formed by the decompo- 
iition of the nitric acid upon the fulphur. After this edul- 
coration there remain fix gros thirty-fix grains of an acid 
der, when the operation has been made with thirty 
ounces of nitric acid, and one ounce of molybdena. It is 
the molybdic acid. 

r ihc arfenical acid dii1.ille<j from the mineral molybdena, 
likewife affords the molybdic acid. 
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It is ■evidently feen that its formation, like that of the 
arfenical acid, is owing only to the decompofition of the acid 
made ufe of, and the fixation of their oxigene on the metal 
employed. 

This acid is white, and leaves a perceptibly acid and me- 
tallic tafte on the tongue. 

Its fpecific gravity compared with that of pure water is 
3,460: 1,000, according to Bergmann. 
It undergoes no alteration in the air. 
It does not rife in fublimation, but by the affiftance of the 
air. 
It colours the native phofphate of a beautiful green. 
If it be diltilled with three parts of fulphur, the mineral 
molybdena is regenerated. This acid is foluble in five hun- 
dred and feventy times its weight of water at a mean tempe- 
rature. The folution is very acid; decompofes the folutions 
offoap; precipitates the fulphures of alkali. It becomes 
blue and confident by cold. 

The concentrated fulphuric acid difTolves a large quantity 
of it. The folution afiumes a fine blue colour, and becomes 
thick by cooling. This colour difappears by heat, and re- 
turns again as the fluid cools. 

The muriatic acid dhTolves a confiderable quantity by the 
amftance of ebullition. If the folution be diftilled, it leaves 
a refidue of an obfcure blue colour. By an increafe of heat, 
white fublimate rifes mixed with a little blue ; the fuming 
muriatic acid paffes over into the receiver. This fublimate 
attracts humidity, and is nothing but the molybdic acid 
volatilized by the muriatic. 

This folution of the molybdic acid precipitates filver, mer- 
cury, and lead from their folutions in the nitric acid. It 
likewife precipitates lead from its folution of the muriate of 
Jead, bnt not the other metals. 

The molybdic acid takes barytes from the nitric and mu- 
riatic acids. 

In the dry way it decompofes the nitrate of pot-am, and 
the muriate of foda ; and the acids pafs over in the fuming 
flare. 

It difengages the carbonic acid from its combinations, and 
unites with the alkalis. 
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It even partly decompofes the fulphate of pot-afh by the 
affiftance of a ftrong heat. 

It diiTolves feveral mefals, and affumes a blue colour in 
proportion as it yields its oxigene to them. 

The combinations of* this acid with the alkalis are little 
known. Scheele however has obferved, that fixed alkali 
renders this acid earth more foluble in water ; that the 
alkali prevented the acid from rifing ; that the molybdite of 
pot-afh is precipitated by cooling in fmall granulated cryftals. 
" The oxigene adheres but Hightly to the molybdic bafe : 
for this acid boiled with the femi-metals does not fail to 
affume a blue colour. 

Hydrogenous gas palTed through it is fufficient to produce 
the blue colour. 

Molybdena, as Mr. Pelletier has obferved, has great 
refemblance in its chemical refuits to antimony ; fince, iike 
that femi-metal, it is capable of affording by calcination an 
argentine oxide, capable of vitrification. 






PART THE FOURTH, 



CONCERNING VEGETABLE SUBSTANCES. 






INTRODUCTION. 



HE mineral bodies upon which we have 
hitherto treated, pofTefs no life, or vital principle, properly 
(peaking; neither do they exhibit any phenomena depend- 
ant upon internal organization. The cryftallization affected 
by fubftances of this kingdom, appears to be exceedingly 
different from the organization of living beings. It produces 
no advantage to the individual; and at molt ferves only 
to prove the great harmony of nature, which marks its feve- 
ral productions with conftant and invariable forms. But the 
organization of vegetable and animal beings difpofes thofe 
bodies in fuch a manner as is refpeclively the moil proper to 
accomplifh the two final purpofes of nature; namely, the 
fubfiftence and reproduction of the individual*. 

It cannot be denied that vegetables are endued with a 
principle of irritability, which developes in them both fenfa- 
tion and motion : the motion is fo evident in certain, plants, 
that it may be produced at pleafure, as in the fenfitive plant, 
the (lamina of the opuntia, &c. The plants which follow the 
courfe of the fun ; thofe which in hot-houfes incline towards 
the apertures that admit the light; other plants which coa- 
tract and fhut up by the puncture of an infect; thofe whofc 
turn out of their direct or original courfe to plunge 
themfelves into a favourable foil, or water — have not theie 
a degret of fenfation of touch which may be compared to 

or the development of thefe principles, fee LaThefe fur l'Analyfe 
tal (imported at the fchools of Montpcllicr by my fcholar and : 
■ Liche.' ' 



433 General Account cf 

the fenfibility of animals? The difference of the fecretions in 
varjous organs, fuppofes a difference in the irritability of 
each refpective part. 

The reproduction of vegetables is effected in the fame 
manner as that of animals ; and modern botanifts have 
fupported the comparifon between thefe two functions in the 
moft happy and conclufive manner. 

Vegetables are nourifhed with air in the fame manner as 
infects. This aliment is even of indifpenfable neceffity, for 
without it the plant at laft perifhes : though the air which 
this order of beings requires, is neither of the fame purity 
nor of the fame kind. 

The great difference which exifts between vegetables and 
animals is, that the latter in general are capable of convey- 
ing themfelves from place to place, in fearch of nourimment; 
whereas vegetables, being fixed in the fame place, are obli- 
ged to take up in their own vicinity all fuch matters as are 1 
capable of nouriihing them: and nature has provided them 
with leaves, to extract from the atmofphere the air and wa- 
ter of which they have need; while their roots extend to a 
diflarice in the earth, to take firm hold, as well as to receive 
other nutritive principles. 

If we attend more minutely to the character of animals, 
We fha.ll perceive that nature defcends by imperceptible 
degrees from animals of the moft complicated organization to 
vegetables ; and we Ihall find it difficult to determine where 
one kingdom terminates, and the other begins. Chemical 
analyfis is capable of marking the limits between thefe king- 
doms in an imperfect manner. For a long time it was pre- 
tended .that' animal fubftances poffeffed the exclufive property 
of affording ammoniac, or the volatile alkali; but it is at 
prefent well known that certain plants likewife afford it. We 
may in flrictnefs confider a vegetable as a being that partici- 
pates in the laws of animal life, but in a lefs degree than the 
animal itfelf. 

The difference which has been eftablifhed between the 
vegetable and the mineral kingdoms, is much more ftriking. 
We may confider this laft as a mafs deprived of organization, 
and almoft in an elementary flate ; receiving no modifications 
or changes but by the irnpreffion of external objects; capable 
of entering into combinations; of changing its nature; and 



the Vegetable Kingdom, 439 

iw re-appearing, cr being reproduced with its original pro- 
perties, at the pleafure of the chemift. The other king- 
dom, on the contrary, being endued with a particular life, 
which in :eflantly modifies the impreffion of external objects, 
decompofing them, and changing their nature, exhibits to us 
a feries of functions regular throughout, and almoft all of 
them inexplicable : and when the chemift has fucceeded in 
depriving thefe bodies of- their organization, and feparating 
their principles, he finds it beyond his power to reproduce 
it by any re-union of the fame principles. 

In the mineral kingdom,, we arejuftificd in referring all 
the phenomena to the action of external bodies ; and forcesr 
purely phyfical, or the fimple laws of affinity, afford deduc- 
tions fufficient to account for all its metamorphofes. In the 
vegetable kingdom, on the contrary, we are compelled to 
acknowledge an internal force which performs every things 
governs all the procerTes,and fubjects to itsdcfigns thofe agents: 
which have an abfolute empire over- the mineral kingdom. 

The mineral polfefTes no evident life, no period which may- 
be confidered as the term of its perfection; becaufe its various 
ftates are always relative to the purpofes to which we intend 
to apply it. It does not appear either to grow or to be repro- 
duced: at moft it changes its form, but never by any internal 
determination; this is always the mere phyfical effect of the 
action of external objects. In thofe cafes wherein the mineral 
exhibits marks of increafe or vegetation, it is by the fucceffive 
application of fimilar materials worn and tranfported by the 
waters. In thefe apparent vegetations we perceive neither 
elaboration or defign : the law of affinities ever prelides in 
thefe arrangements ; and this law is the lav/ of bodies void 
of life. 

It is not therefore furprifmg that the chemical analyfis 
fhould have made lefs progrefs in the vegetable than in the 
mineral kingdom, for it becomes more difficult in proportion 
as the functions are complicated ; and in the vegetable king- 
dom the condiment pans are more numerous, at the fame time 
that tjjey are lefs eafily diftinguiftied by characterise pro- 
perties ; and the methods of analyfis hitherto employed are 
all imperfect ; not to mention that the proceedings of chemifts 
likewife been conducted upon an erroneous principle. 
3 Q.. 
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- All plants have hitherto been analvfed either by fire or by 
rnenftruums. . The ruff of thefe methods is very lincertain ; 
for the action rompofes combined b er$ weir 

principles, forms new bodies by the combination of thefe 
feparate element?, ami extracts nearly the fame principles 
from very diilereht fubllances. Long experience has fhewn 
the imperfection of this method. Mefirs. Dodart, Bourdeliii, 
Tournefort, and Bould.uc have dimOed more than fourteen. 
hundred plants ; and it was from the remits of fo extenfive a 
work that Homberg deduced fufflcient rcafons to conclude 
that tl hod is erroneous. As a proof of his afiertioa, 

he quotes the analyfis of cabbage and hemloe, which afforded 
the fame principles by diftillation. 

The method by meuftruums is fomewhat more accurate, 
Becaiife it does not change the nature of the products : it has 
been even of greater advantage to medicine, by affording 
methods of feparating the medicinal principle from certain 
vegetables. It has alio afforded its amftance to extract other 
principles in all their purity, which are irfeful in the arts, or 
for thepurpofes of life ; and it has given us more inftrucfion 
concerning the nature oi vegetable principles. But we cannot 
confine ourfelves to this ilngle method in the analyfis of plants; 
and a coniiderable fhare of genius is required in the chemifr, 
to vary ins procefs according to the nature of the vegetable, 
and the i haiacter of the principle he is defirous of extracting. 

A reproach of confiderable weight may be urged againfl 
mod of the chemjus who havewrittcn upon thevegetable ana- 
lyfis : it isj'tliat they have foil owed no order in their proceedings, 
nor attended to anv regular clillribution of the facts. Tl ey 
have confined themfeives to indicate proc.eiles for extracting 
Jut h or fuch iubf! ances. without connecting the whole with any 
fyftem founded either on the methods oi' operating, on the 
nature of the products, or on the proceedings followed by na- 
ture in its own operations. I confefs that, if a difquifitkm 
on thevegetable analysis were to be confined to the proceifes 
necefTary to be known in extracting the feveral fuhftanccs, 
the fyftem of order and of method which I propofe would 
be ulelefs : but if it be an object to know the operation of 
nature, and to furvey the vegetable kingdom like a philofo- 
pher, a naturalift, and a chemiil, it is neccfiary to infpict the 
operations of nature herfeif among vegetables, and to follow 
as much as pcfuble a plan which fiiall render us acquainted 
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with the plant under -all thefe points of view i that which I 
have adopted appears to me to anfwer that purpofe. 

We (hall begin by exhibiting- a curfory account of the 
vegetable flruchire, in order that yre in:./ become better 
acquainted with the connection between its org; 
the principles which we mail extract. 

In the fecond place we (hall attend to the development and 
Hlcreafe of the vegetable. With this intention we (hall mew* 
the various principles which ferve for its nourifhment) and we 
fhall follow their alterations in the vegetable ceconomy, as 
much as we are enabled to do. We fhall therefore of confe- 
qUence examine the influence of the air, the foil, the light, &c. 

In the third place we mall examine the remits of the work 
of organization upon elementary fubftances ; and for thac 
purpofe we mall teach the method of difliuguiming the 
feveral confrituent principles of vegetables : taking care to 
proceed in this examination according to that method which 
nature herfelf points out. 

Thus we mall begin with the analyfis of fuch products zs 
we can extract without deftroying the organization of the 
plant, and which are exibited in a naked (late by that organ- 
ization; fuch as the mucilage, the gums, the oils ? the refins, 
the gum refms, &c. We (Ball in the next place anafyfe fuch 
principles as cannot be collected but by deflroying the organ- 
ization of the plant ; fuch as the fecula, the glutinous parr, 
the fugar, the acids, the alkalis, the neutral falls, the col 
ing principle:-, the extractive matter 3 iron, gold, mangai 
fulphur, &g. 

We mail likewife attend to the prolific humours of v 
tables; that is to fay, the examination of* fuch fubftance 
though necefTarv to life, are dreed outwards to anfv, 
functions : the pollen and honey are of this kind. 

We mall afterwards examine the humours which evapo- 
rate and efcape by tranfpiration ; fuch as bxigenous' gas, trie 
aqueous principle, the aroma, or oclorant principle, &c. 

And in the hill place we' (hail (hew the alterations to w 
vegetables arc hibjcctcd after death. In o 
with regularity in a que It ion of fuch great iin'i ■, w'e 

fiicceihvc. : ae the action of heat, of the air" an 

Her, upon the vegetable, whether they actTepafai 
iher. This proce 
'phenomena e .' 
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SECTION I. 

Concerning the Struflure of Vegetable?, 



L^ VERY vegetable exhibits in its ftructure-— 
i. A fibrous and hard mechanifm, which fupports all the other 
organs, determines the direction, and gives the proper folidity 
to the feveral plants and their parts. 2. A cellular tifTue, 
"which accompanies all the veftek, envelopes all the fibres, 
3 itfe'If in a thoufand ways, and every where forms 
c n . n"g§ and a net-work, which connect all the parts, and 
eftablKh an admirable communication between them. We 
jhall defcribe the feveral parts of plants in a very concife 
manner, and {hall confine ourfelves to the explanation and 
defcription of fuch organs as mud neceffarily be known with 
accuracy, before we can proceed to the analyfis of plants. 

ARTICLE I. 

Concerning the Eark. 

The bark is the external covering of plants : its prolon- 
gations or extenfions cover all the parts which compofe the 
vegetable. We may diflinguiih three particular tunies, 
which may be feparately detached and obferved. The 
epidermis, the cellular tiffue, and the cortical coatings. 

1. The epidermis is a thin membrane, formed of fibres 
that crofs each other in every direction : its texture is fome- 
times fo thin, that the direction of its fibres may be feen by 
holding it againfl the light. This membrane is eafily de- 
tached from the bark when the plant is in a vigorous (late ; 
and when it is dried the feparation may be effected by fleep- 
5ng it in water. When the epidermis of a plant is deftroyed, 
it grows again ; but is then more ftrongly adherent to the 
reft of the bark, fo as to form a kind of cicatrice. 

This epidermis appears to be intended by nature to mo- 
dify the impreilions of external objects upon the vegetable ; 
to furnifh a great number of pores, which tranfmit or throw 
off the excretory products of vegetation ; to protect the laft 
or extreme ramification of the aerial or aqueous vcflcls,which 
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(Bttraft out of the air fuch fluids as are ncceffary for the in- 
crease of the vegetable ; and to cover the cellular organ, 
which contains the principal veffels, and thofe glands in 
which the feveral fluids are digefted and elaborated. 

2. The cellular coating forms the fecond part of the bark. 
Its texture confifts of veficules and utricules, fo very nume- 
rous, and fo clofe together, as to form a continued coating. 
It is among thefe glands that the work of digeftion appears 
to be performed; and the product of this elaboration is after- 
wards conveyed through the whole vegetable, by veffels 
propagated through all its parts and communications ; even 
with the medullary fubftance or pith, by conduits that pafs 
through the body of the tree, croffnig the ligneous ftrata. 
In this net-work it is that the colouring matter of vegetables 
is developed : the light which penetrates the epidermis con- 
curs in enlivening the colour: here likewife it is that oils and 
refms are formed, -by the decompofition of water and the 
carbonic acid: and tartly it is from this reticular fubilance 
that thofe various products of the organization are thrown 
off or excluded, which may be confidered as the faeces of 
the vegetable digeftion. 

3. The coatings which lie between the external covering 
and the wood or body of the vegetable, and may be called 
the cortical coatings, are formed of laminae which therofelv.es 
confift of the re-union of the common, proper, and air vef- 
fels of the plant. The veffels are not extended lengthwife 
along the flem, but are curved in various directions; and 
leave openings or meflhes between them, which are filled by 
the cellular matter itfelf. Nothing more is neceflary to 
fliew the organization, than to macerate thefe coatings in 
water, which deftroys the cellular fubftances, and leaves 
the net-work uncovered *. The cortical coverings are eafiiy 
detached from each other; and it is from their gros refem- 
blance to the leaves of a book, that they have been called 
liber. In proportion as thefe coatings approach the ligneous 
body, they become hard; and at length form the extern .1 
fofter part of the wood, which workmen call the fap. 

The bark is the mod elfential part of the vegetable, by 
■means of which the principal functions of life, fuch as riutri- 

* This is moft particularly feen in the arhre a dentelk ; when 
has been macerated in water. 
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tlon, digeftion. the fecretions, &c. are performed. All plant?, 
and particularly -thofe which are hollow within, and whofe 
produces are totally changed by covering them with a dii 
entbark, prove evidently that the digeltive force eminently 
refides in this part. The ligneous part is fo far from being 
eflcntial, that many plants are without it; fuch as the grami- 
neous and the arundiuaceous, and all j Jams that are hollow 
within. GrafTes, properly fpeaking, have only the conical 
part. We .often fee plants internally rotten, but kept in 
vigour by the good ftate of their bark. 

ARTICLE II. 

Concerning the Ligneous Texture. 
Beneath the bark there is a folid fubftance, which forms 
the trunk of trees, and appears to be ufually compofcd of 
concentric layers. The interior coatings or rings are harder 
than the exterior; they are older, and of a more firm and 
elofe grain. The hardefl of thefe form the wood, properly 
fo called, while the fofter external rings conftitute the fap. 
We may confider wood as being formed of fibres, more or 
lefs longitudinal, connected together by a cellular tiffue, in- 
terfperfcd with veficles communicating with each others 
which diminifh gradually towards the centre, where they 
form the pith. The pith is found only in young branches or 
plants, and disappears in plants of a certain age. 

The veficular tiffue bears a great analogy with the glan- 
dular and lymphatic veiTels of the human body: in both, the 
conformation and ufes are the fame. In the early age of 
' plants and animals, the organs have a confiderable expanfion, 
becaufe the increafe of the individual is very rapid at that 
period. But, as age advances, the veiTels become obliterated 
in both kingdoms; and it is-obferved that, in the white 
woods and fungi which abound with the veficular fubltapce, 
the' growth is alio very rapid. 

ARTICLE III. 

Concerning the VeiTels. 

The various humours of vegetables are contained in 
certain appropriated veiTcb, in which they enjoy a d 
of motion that has been compared to the circulation in 
mils- It differs from it, however; becaufe the& Bud 
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are not continually kept in equilibrio in the veffels by an 
inherent force, but receive in a more evident manner the 
impreilion of external agents. Light and heat are the two 
great caufes which determine and modify the motion of the 
fluids and vegetables. Thefe agents caufe ihe fap to rife 
into the various parts, where it is elaborated in a manner 
correfpondent to the funftions of each; but it is not obfer- 
ved that it returns: fo that the acceilion or flax of the hu- 
mours in vegetables is proved, but the reflux does not appear 
to be perceptible. 

Three kinds of veiTels may be diftinguifhed in vegetables: 
the common, or fap veiTels; the proper veffels; and the 
air veiTels, or trachea?. 

i. The Tap • veffels convey the fap, or general humour, 
from which ali the others are derived. This liquor maybe 
compared to the blood in animals. Thefe veiTels are refer- 
voirs from which the feveral organs extracl the different 
juices, and elaborate them in a proper manner. 

The fap veffels chiefly occupy the middle of plants and 
trees. They rife perpendicularly, though wirh defiexipns 
Tideways, io as to communicate with all the parts of the ve- 
getable. They convey the fap into the utricules; whence 
it is taken by the proper veiTels, in order that it may be duly 
elaborated. 

2. Each organ is likewife provided with peculiar veiTels, 
to irparate the various juices, and to preferve them, with- 
out fiiffering them to mix with the general inafs of humour". 
Thus it is that we find in the fame vegetable, aud frequently 
in the fame organ, juices of different natures, and greatly 
differing in colour and confidence. 

The veiTels, whether common or proper, are retainer 
their fevera! direclionsby the ligneous fibres; they are every 
where furrounded by the cellular tiihie; they open, and pour 
their fluid into glands, into the cellular tiffue, and into the 
utricules, to anfwer the various functions. 

The utricules are fmall veffels or repofitories which con- 
tain the pith, and frequently the colouring matter. They 
form a kind of repofitcry in which the nutritive juice of the 
plant is prefcrved, and whence it is taken on occaiion: ii 
the fame manner as the colle&ion of marrow is formed in 
the internal part of the bones, whence it is afterwards 
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extracted when the animal is not fufliciently fupplied with 
nutriment. 

3. The tracheae, or airvefTels, appear to be the organs of 
refpiration, or rather thofe which receive the air, and faci- 
litate its ahforption and decompoiition. They are called tra- 
cheae on account of the refsrablance which is thought to exift 
between them and the refrJiratory organs of infects. In or- 
der to obferve them, a branch of a tree is taken fulEciently 
young to break off Ihort: after having cleared away the 
bark without touching the wood, the bough is broken by 
drawing the two extremities in oppofite directions; the tra- 
cheae are then feen in the form of fmall corkferews, or veflels 
turned in a fpiral direction. It is generally fuppofed that the 
large pores which are perceived in the tranfverfe fe&ion of a 
plant, viewed in the microfcope, are merely air velTels. It 
often happens that the fap is extravafated in the cavity of the 
trachea?; and they appear incapable of ferving any other 
purpofes than that of conveying the air, at lead for fome' 
time, unlefs a change takes place in the life of the plant. 

ARTICLE IV. 

Concerning the Glands.- 

Small protuberances are obferved upon various parts of 
vegetables. Thefe are glandular bodies whofe form is pro- 
digioully varied. It is more particularly upon this variation 
of form that Mr. Guettard has grounded his feven (pedes* 
They are almof 5 " always filled with a humour, whole colour 
and nature are fingulaj ly varied. 



SECTION II. 

Concerning the Nutritive Principles of Vegetables- 



F plants were to perform no other act than that 
of pumping the nutritive principles they contain out of the 
earth; if they did not pofTefs the faculty of digefling, ailirni- 
lating them, and forming different product-;, according to 
their nature, and the divenky of their organs; it would fol- 
low, as a coafequence, that we ought to find in the earth all 
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thofe principles which a.nalyfis exhibits to us in vegetables: a 
conclufion which is contradicted by the fa els; for we (hall 
hereafter prove that the production of vegetable earth is an 
effect of the organization of plants, and that it owes its for- 
mation to them indead of communicating principles ready 
formed to thofe individuals. If it were true that plants did 
nothing but extract their component parts out of the earth, 
thofe plants which grow on the fame foil would poffefs the 
fame principles, or at lead the analogy between them would 
be very great; whereas we find plants of very different vir- 
tues and flavours grow and flourim bendeeach other. In 
addition to this we may obferve, that fuch plants as are rai- 
fed in pure water — the fat. plants, which grow without being 
fixed to the earth, provided they are placed in a moid atmo- 
fphere — the clafs of parafitical plants, which do not partake 
of the properties of thofe which ferve to fupport them— - 
prove that a vegetable does not derive its juices from the 
earth, on account of its being earth; but that it poiTeffes an 
internal alterative andaffimilating power, which appropriates 
1 to each individual the aliment which is fuitable to it, at the 
, fame time that it difpofes and combines that aliment to form 
certain peculiar principles. This digedive virtue will appear 
to be aftoniihingly perfect, when it is considered that the nu- 
triment common to all vegetables is very little varied, fince 
we know only of the water and air; and confequently that 
it poffeffes the power of forming very different products 
with thefe two fimple principles. But from this circum- 
{tance, that the nutritive principles of plants are very 
fimple, it mud be prefumed that, in the various refults of 
digedion, or (which is the fame thing) in the vegetable 
folids and fluids, there mud be the greated analogy; and that 
the differences are deducible from the proportion of the 
principles, and their more or lefs perfect combination, rather 
than from their variety. With this intention we (hall care- 
fully obferve the tranfition from one principle to another; 
and (hall explain the art of reducing them all to certain ele- 
mentary or primitive fubdances, fuch as the fibrous matter, 
mucilage, &c. 
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'ARTICLE I. 
Concerning Water, as a Nutritive Frinciple of Plants. 

Every one knows that a plant cannot vegetate with- 
out the aflifrance of water: but it is not To generally 
known that this is the only aliment which the root draws 
from the earth ; and that a plant can live, and propagate 
itfelf, without any other afliftance than the con tacl: of water 
and air'. It appears to me, neverthelefs, that the following 
experiments remove every doubt on this fubjech Van Hel- 
mont planted a willow, weighing fifty pounds, in a certain 
quantity of earth covered with meet lead: he watered it for 
five years with diftilled water; and at the end of that time 
the tree weighed one hundred iixty-nine pounds three ounces 
and the earth in which it had vegetated was found to have 
fuffered a lofs of no more than three ounces. Boyle repeated 
the fame experiment upon a plant, which at the end of two 
years weighed fourteen pounds more, without the earth in 
which it had vegetated having loll any perceptible portion of 
its weight. 

Meflrs. Duhamel and Bonnett fupported plants with mofs, 
and fed them with mere water: they obferved that the vege- 
tation was of the mod vigorous kind; and the naturalift 
of Geneva obferves, that the flowers were more odoriferous, 
and the fruit of a high flavour. Care was taken to change 
the fupports before they could fuffer any alteration. Mr, 
Tillet has likewife railed plants, more efpecially of the gra- 
mineous kind, in a fimilar manner; with this difference only, 
that his fupports were pounded glafs, or quartz in powder. 
Hales has obferved that a plant which weighed three pounds 
gained three ounces after a heavy dew. Do we not every 
day obferve hyacinths and other bulbous plants, as well as 
gramineous plants, raifed in faucers or bottles containing 
mere water. 

All plants do not demand the lame quantity of water; and 
nature has varied the organs of the feveral individuals con- 
formably to the neceffity of their being fupplied with this food. 
Plants which tranfpire little, inch as the moiles and the 
lichens, h~veno need of a confiderable quantky.of this fluid; 
and accordingly they are fixed upon dry rocks, and have 
• fcarcely any roots; but plants which require a- larger quan- 
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thy have roots which extend to a great diftance, and abforb 
humidity throughout their whole furface. 

The leaves of plants have likewife the property of abforb- 
ing water, and of extracting from the atmofphere the lams 
principle which the root draws from the earth. But plants 
which live in the water, and as it were fwim in the element 
which ferves them for food, have no need of roots ; they 
receive the fluid at all their pores: and we accordingly 
find that the fucus, the ulva, &c. have no roots what- 
ever. The purer the water, the more falutary it is to 
plants. Mr. Duhamel has drawn this confequeuce from a 
ieries of well-made experiments, by which he has proved that 
water impregnated with falts is fatal to vegetation. Hales 
caufed them to abforb various fluids, by making incifions in 
their roots, and plunging them in fpirits of wine, mercury, and 
various faline folutions; but he was convinced that theie 
were all poifons to the vegetables. Beiides, if thefe falts 
were favourable to the plants, they would be.again found in 
the individual which had been watered with a folutiou of 
them; whereas MefTrs. Thouvenel and Cornette have proved 
that thefe falts do not pals into the vegetable. We mult, 
neverthelefs, except the marine plants, becaufe the fea fait 
of which they have need is decompofed in them; and pro- 
duces a principle which appears neceflary to their exiitence, 
iince they languifh without it. 

Though it is proved that pure water is more proper for 
vegetation than water charged with falts, it mult not on that 
account be concluded that water cannot be difpofed in a more 
favourable manner to the development of vegetables, by charg- 
ing it with the remains of vegetable and animal decotnpofi- 
tion. If, for example, the water be loaded with principles 
difengaged by fermentation or putrefaction, the plant then 
receives juices already affimilated to its nature; and thefe 
prepared aliments muft batten its growth. Independent of 
• thofejuices already formed, the nitrogene gas, which confti- 
tutesone of the nutritive principles of plants, and h abun- 
dantly afforded by the alteration of vegetables and animals, 
muir. facilitate their development. A plant fupported by the 
remains of vegetables and animals is in tne fame fituation as an 
animal fed on milk only ; its organs have lefs difficulty in < elabo- 
rating this drink than that which has not yet been anmulized. 
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The dung which is mixed with earths, and decompofed, 
not only affords the alimentary principles we have fpoken of 5 
but likewife favours the growth of the plant by that conftant 
and fteady heat which ulterior decompofition produces. 
Thus it is that Fabroni affirms his having obferved the 
development of leaves and flowers, in that part_of a tree only, 
which was in the vicinity of a heap of dung. 

AR.TICLE II. 

Concerning Earth, and its Influence in Vegetation. 
Although it be well proved that pure water is mfScient for 
the fupport of plants, we muff not confider the earth as of 1 
no ufe. Its utility refembles that of the placenta, which of 
itfelf affords no fupport to the life of the infant, but which 
prepares and difpofes the blood of the mother to become a 
Suitable ncuriihment: or it refembles, and has a fimilar utility 
with the various refervoirs which nature has placed in the 
body of man, to preferve the feveral humours, and emit 
them upon occafion. The earth imbibes and retains water; 
it is the refervoir deftined by nature to preferve the elemen- 
tary juice which the plant continually requires; and to fur- 
nifh that fluid in proportion to its wants, without expofing it 
to the equally fatal alternatives of being either inundated or 
dried up. 

We even fee that, in the young plant or embryo, nature 
has not chofen to entruft the labour of digeftion to the flill 
feeble germen. The feed is formed of a parenchyma, which 
imbibes water, elaborates it, and does not tranfmit it to the 
germen until it is reduced into juice or humour. By infen- 
fible gradations this feed is destroyed; and the plant, be- 
come fufficiently ftrong, performs the work of digeftion with- 
out affidance. In the iame maimer it is that we perceive the 
foetus fupported in the womb of its mother by the humours 
of the mother herfelf; but, when it has feen the light, it 
receives for nourishment a fluid lefs animalized, its organs 
are gradually flrengthened, and at length become capable of 
digefting a ftronger and lefs aiiimiiated nourifliment. 

i jit on this very account, that the earth is deftined to 
tranfmit to the plant that water which is to fupport it, the 
nature of the foil cannot be a matter of indifference, but 
muff be varied accordingly as the plant requires a m?re or 
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lefs considerable quantity of water, accordingly as if demands 
more or lefs in a given time, and accordingly as its roots extend 
to a greater or lefs diftance. It may therefore be immediately 
perceived that every kind of earth is not fuitable for every 
plant, and confequently'that a flip cannot be grafted in: 
ently upon every fpecies. 

■ A proper foil is that— 1. Which affords a fufficiemly finti 
iupport to prevent the plant from being fliaken. 2. Which 
permits the roots to extend themfelves to a diftance with eafe. 
3. Which becomes impregnated with humidity, and retains 
the water fufficiently that the plant may not be without it 
when wanted. — To anfwer thefe feveral conditions, it is ne- 
ceflary to make a proper mixture of the primitive earths, for 
none of them in particular pofferTes them. Siliceous and 
calcareous earths may be confidered as hot and drying, the 
argillaceous as moift and cold, and the magnefian as p'oiTef- 
fing intermediate properties. Each in particular has its 
faults, which render it unfit for culture: clay abforbs water, 
but does not communicate it; calcareous earth receives and 
gives it too quickly: but the properties of thefe earths are fo 
happily oppofed, that they correct each other by mixture. 
Accordingly we find that, by adding lime to an argillaceous 
earth, this lait is divided; and the drying property of the 
lime is mitigated, at the fame time that the ftiffnefs of the 
clay is diminiihed. On thefe accounts it is that a firigle 
earth cannot conftitute manure; and that the characleroF 
the earth intended to be meliorated ought to beftudied, be- 
fore the choice of any addition is decided on. Mr. Tillet 
has proved that the bed proportions of a fertile earth for 
com, are three-eighths of clay, two-eighths of fand, and 
three-eighths of the fragments of hard (tone. 

The advantage of tilling confifts in dividing the earth, 
aerating it, destroying ufelefs or noxious plants, and con- 
verting them into manure, by facilitating their decompofition. 

Before we had acquired a knowledge of the conltituent 
principles of water, it was impoffible to explain, or even to 
conceive, the growth of plants by this fingle aliment. In 
fact, if the water were an element, cr indecompofable prin- 
ciple, it would afford nothing but water in entering into the 
nutrition of the plant, and the vegetable would of courfe 
exhibit that fluid only : but when we confider water as formed 
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by the combination of the oxigenous and hydrogenous gafe<f 
it is eafily underftood that this compound is reduced to it? 
principles; and that the hydrogenous gas becomes a princi- 
ple of the vegetable, while the oxigene is thrown off by the 
vital forces. Accordingly we fee 'the vegetable almoft en- 
tirely formed of hydrogene. Oils, refins, and mucilage, 
confift of fcarcely any thing but this fubftance; and we per- 
ceive the oxigenous gas efcape by the pores, where the aclion 
of light caufes its difengagement. This decompofition of 
water is proved not only in vegetable, but likewife in animal 
bodies. Rondelet (Lib de Pifc. lib, i. cap. 12.) cites a 
great number of examples of marine animals which cannot 
fubfiil but by means of water, by the very conftitution 
of their organs. He affirms that he kept, during three years, 
a fiih in a veiTel conflantly maintained full of very pure water: 
it grew to fuch a lize, that at the end of that time the veiTel 
could no longer contain it. He relates this as a very common 
fact. We likewife obferve the red fifties, which are kept 
in glafs veflels, are nourifhed, and grow, without any other 
afhitance than that of the water properly renewed. 

ARTICLE III. 
• Concerning Nitrogenous Gas, as a Nutritive Principle of Plants. 

Vegetables cannot live without air; but the air they require 
is not the fame as is appropriated to man. Drs. Prieflley, 
Ingenhoufz, and Mr. Senebier, have proved that it is the 
■nitrogenous gas which more particularly ferves them for 
aliment. Hence it arifes that vegetation is more vigorous 
when a greater quantity of thofe bodies which afford this 
gas by rheir decompofition are prefented to the plant • thefe 
are. animals or vegetables in a flate of putrefaction. As 
the bafis of nitrogenous gas is unknown to us, it ic difl 
to conceive what may be its cfiecT: upon the vegetable 
my, and we cannot follow it after its introduction into the 
vegetable. We do not find it again until the decompofition 
of the vegetable ufelf, when it re-appears m its gafeous form. 

ARTICLE IV. 

Concerning the Carbonic Acid, ap a Nutritive Principle of Vegetables. 

The carbonic acid which is difperfcd in the atmosphere, 
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Qr in waters, may likewife be confidered as an aliment of 
plants ; for thefe bodied poffefs the power of abforbing and 
decompofing it when its quantity is fmall. The bafe of this 
acid even feems to contribute to the formation of vegetable 
fibres: for I have obferved that this acid predominates in the 
fungus, and other fubterraneous plants. But by caufmg 
thefe vegetables,, together with the body upon which they 
were fixed, to pafs by imperceptible gradations from an al- 
moft abfolute darknefs into the light, the acid very nearly 
difappeared; the vegetable fibres being proportionally in* 
creafed, at the fame time that the reiln and colouring prin- 
ciples were developed by the oxigene of the fame acid. Se- 
nebier has obferved, that the plants which he -watered with 
water impregnated with the carbonic acid, tranfpired a 
much greater quantity of oxigenous gas; which proves a 
decompofition of the carbonic acid. 

Vegetation may therefore be fuccefsfully employed to cor- 
rect air too highly charged with carbonic acid, or in which 
the nitrogenous gas exiils in. two great a proportion. 

ARTICLE. V. 

Concerning Light, and its Influence on Vegetation. 

Light is abfolntely neceffary to plants. Without the affift- 
ance of this principle they become pale, languiih, and die, 
But it has not been proved that it enters as an aliment into 
their compofition: at mod it may be confidered as a ftimulua 
or agent which decompofes the various nutritive principles, 
and feparates the oxigenous gas ariilng from the decompofi- 
tion of water, or the Carbonic acid, while their bafes become 
fixed in the plant itfelf. 

The molt immediate erTeft of the fixation of the various 
fubftances, and the concretion of the liquids, which ferve as 
the food of plants, is a fenfible production of heat, which 
caufes plants to participate very little in the temperature of 
the.atmofphere. Dr. Hunter obferved, by keeping a ther- 
mometer plunged in a hole made in a found tree, that it con- 
ftantly indicated a temperature feveral degrees above that of 
the atmofpheie, when it was below the fifty-fixth divifion 
of Fahrenheit; whereas the vegetable heat in hotter weather, 
was always feveral degrees below that of the atmofphere. 
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The fame philofopher has likewife obferved, that the Tap 
which out of the tree, would freeze at 32°, did not freeze 
in the tree unlefs the cold were augmented 15 more. 

The vegetable heat may increafe or diminifh, by feveral 
caufes, of the nature of difeafe; and it may even become 
perceptible to the touch in very ccld weather, according to 
Mr. Buffon. " 

The heat produced in healthy vegetables, by the before- 
mentioned caufes continually tempers the cold of the atmo- 
fphere: the evaporation which takes place through the whole 
body of the tree, continually moderates the fcorching heat 
of the fun: and thefe productive caufes of cold or heat are 
, more effectual, in proportion as the heat or cold of external 
bodies acts with greater energy. 

The property which plants poflefs of converting nitrogenous 
gas and carbonic acid intonourifhment, eftablifhes an afto- 
nifhing degree of analogy between them and certain infects. 
It appears, from the obfervation of Frederic Garman (Ephem. 
des Curiof. Nat. Anne'e 1670), that the air may become a 
real food for the clafs of fpiders. The larvae of the ant, as 
well as. of feveral infects of prey which live in the fand, in- 
creafe in bulk, and undergo their metamorphofes without any 
other nourifhment than that of the air. It has been obfer- 
ved that a great number of infects, particularly in the ftate 
of larva?, are capable of living in the nitrogenous gas, 
mixed with carbonic acid, and tranfpiring vital air. The 
abbe Fontana has obferved that feveral infects poffefs this pro- 
perty; and Ingenhoufz, who is of. opinion that the green 
matter which is formed in water, and tranfpires oxigenous 
gas by the light of the fun, is a cluster of ani macula, has 
added to thefe phenomena. Infects have moreover the organ 
of refpiration diflributed over the whole furface of their 
bodies. Here therefore we obferve feveral very afionifhing 
points of analogy between infects and vegetables: and the 
chemical analylis adds (till more to thefe refemblances, 
fince infects and vegetables afford the fame principles: 
namely, volatile oils, refins, difengaged acids, &c. 
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SECTION III. 

Concerning the Refults of Nutrition, or the Vegetable Principles, 

A HE various fubftances which afford food to 
plants, are changed by the organization of the vegetable^ 
from which there refults a fluid generally diftributed, and 
known by the name of Sap. This juice, when conveyed 
into the feveral parts of the plant, receives an infinity of 
modifications, and forms the feveral humours which are fepa- 
rated and afforded by the organs. It is to thefe principles 
chiefly that we are at prefent about to direct our attention; 
and we mall endeavour in our examination to follow the moffc 
natural order, by fubje&ing them to analyfis in the fame 
order as that in which nature prefents them to us. 

ARTICLE II. 

Concerning Mucilage. 

Mucilage appears to conftitute the firfl alteration of the 
alimentary juices in vegetables. Mod feeds are almoft totally 
refolvable into mucilage, and young plants feem to be en- 
tirely formed of it. This fubftance has the greateft analogy 
with the mucous fluid of animals. Like that fluid, it is mofr. 
abundant in the earlier periods of life, and all the other prin- 
ciples appear to be derived from it; and in vegetables, as 
well as animals, its quantity becomes lefs in proportion as 
the increafe of magnitude, or growth of the individual, be- 
comes lefs, or ceafes. Mucilage is not only the nutritive 
juice of plants and animals; but, when extracted from either, 
it becomes the moft nourifhing and wholefome food we are 
acquainted with. 

Mucilage forms the bafis of the proper juices, or the fap 
of plants. It is fometimes found almoft entirely alone, as 
in mallows, the feeds of the wild quince, linfeed, the feeds 
of thlafpi, &c. Sometimes it is combined with fubftances 
infoluble in water, which it keeps fufpended in the form of 
an emulfion; as in the euphorbium, celandine, the convol- 
vulus, and others. In other inflances it is united with an 
cil and forms the fat oils. Frequently it is united with fugar 5 

3 3 
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as in the gramineous feeds, the fugar-cane, maize, carrot, 
& c. It is likewife found confounded with the effentlal ialts^ 
with excels of acid, as in barberries, tamarinds, forrel, &c. 
ucilagefometimes conftitutes the permanent (late of the 
plant; as in the tremelki, the conferva, fome lichens, and 
moil of the champignons. This exiilence in the form of mu- 
cilage is likewife feen in certain animals ; fuch as the medufa 
or fea-netile, the holothurion, &c. 

The characters of mucilage are — 1. Infipidity. 2. Solu* 
biiity in water. 3. Infolubility in alcohol. 4. Coagulatioa 
by the aftion of weak acids. 5. The emiflion of a consider- 
able quantity of carbonic acid, when expofed to the a&ion 
of fire; at the fame time that it becomes converted into coal, 
without exhibiting any flame. Mucilage is likewife capable 
of palling to the acid fermentation when diluted with water. 
The formation of mucilage appears to be almoft indepen- 
dent of light. Thofe plants which grow in fub terraneous 
places abound with it. But light is required to enable mu- 
cilage to pafs to other ilates ; for, without the affiftance of this 
principle, thefame plants would obtain fcarcely any confidence. 
That which is called gum, or gummy juices, in commerce, 
is nothing but dried mucilage. Thefe gums are three in 
number. They either flow naturally from the trunk of the 
tree which affords them, or they are obtained by incifion of 
the bark. 

1 . Gums of the country, Qumml ritftmi. — This gum flows 
naturally from certain trees in our climate, fuch as the plum, 
the peach, the cherry-tree, $:c. It urn; appears in the form 
cf a thick fluid, which congeals by expofureto the air, and 
lofes the adheiive and gluey confidence which characterizes 
it in the liquid (late. Its colour is white, but more commonly 
yellow or reddifh. When pure, it may be advantageouily 
lubftitiued for gum arable, which is much dearer. 

2. Gum arabic. — The gum arabic flows naturally from 
the acacia in Egypt and Arabia. It is even affirmed that it 
is not obtained from this tree only, but that the gum met 
with in commerce is the produce of feveral trees. The ap- 
pearance of this gum is in round pieces, white and tranfpa- 
rerit, wrinkled without and hollow within; it is likewife 
found in round pieces varioufly contorted. This gum is eaflly 
ioiuble in water, and forms a tranfparent jelly called muci- 
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lage. It is much ufed in the arts and in medicine. It is 
mild, void of fmell or tafle, very well adapted to ferve as 
the bads of paflils, and other preparations ufed as mitig 
or foftening remedies. 

3. Gum adragant. — The gum adragant is nearly of the 
fame nature as gum arable. It flows from the 
of Crete, a fmall fhrub not exceeding three feet in height. 
It comes to us in fmall white tears, contorted, and refemb- 
ling little worms. It forms with water a thicker jelly than 
gum arabic, and may be ufed for the fame purpofes. 

If the roots of marfhmaliows or of the confolida, linfeed, 
the kernels of the wild quince (coingj, &c. be macerated in 
water for a time they afford a mucilage fimilar to that of gum 
arabic. 

All thefe gums afford by distillation, water, an acid, a 
fmall quantity of oil, a fmall quantity of ammoniac or vela- 
tile alkali, and much coal. This jfketch of analyfis proves 
that mucilage is compofed only of water, oil, acid, carbone, 
and earth; and (hews that the various principles of the ali- 
mentary juices, fuch as water, the carbonic acid, an nitro- 
gene gas, are fcarcely changed in this fubftance. 

Gums are ufed in the arts and in medicine.'* -' In the arts 
they are applied to give a greater degree of confidence to 
certain colours, and to fix them more permanently upon 
paper; they are alfo ufed as a preparation to give a firmer 
body to hats, ribbons, taffetas, &c. Stuffs dipped in I 
water acquire a luftre and brightnefs; but water, and the 
handling of thefe goods, foondeftroy theillufion; and thefe 
procefTes are clafTed among thofe which nearly approach to 
impofition and deceit. Gum is i ' the bafis of moft 

kinds of blacking ufed for llioes, boots, and the hke. 

The gums are ordered in medicine as emollients. T 
compofe the bafis of many remedies of this kind. The r : 
kge of linfeed, or of the kernel: or wild quinces, is of ■/ 
in allaying inflammations. 

A RTICLE ir. 

Concerning Oils. 

Ey common confent the name of Oil is given to fat unctu- 
ous Jubilance:-;, more or lefs £h?.id, infolubld in water, 
combuftible. 
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Thefe produ&s appear to belong exclufively to animals and 
vegetables. The mineral kingdom exhibits only a few fub- 
ftances of this nature, which poffefs fcarcely any of the above 
properties, fuch as the unctuous property. 

Oils are diftinguiihed, relative to their fixity, into fat oils, 
and eflential oils. We (hall defcribe them in this article 
under the names of Fixed Oils and Volatile Oils. The dif- 
ference between thefe two kinds of oils do not merely con- 
lift, in their various degrees of volatility, but alfo in their 
habitudes with the feveral re-agents. The fixed oils are 
infoluble in alcohol, but the volatile oils are eafily difTolved: 
the fixed oils are in general mild; while the volatile are acrid 
and even cauftic. 

It appears neverthelefs that the oily principle is the fame 
in both; but it is combined with mucilage in the fixed oils, 
and with the fpiritus rector, or aroma, in the volatile oils. 
By burning the mucilage of fixed oils by difliilation, they 
become more and more attenuated; the fame may likcwife 
be done by means of water, which diffolves this principle. 
By diftilling volatile oil with a fmall quantity of water, by 
the gentle heat of a water bath, the aroma is feparated; 
and this may be again reflored by re-diflilling it with the 
odorant plant which originally afforded it. 

Volatile oil is ufually found in the mod odorant part of 
any plant. In umbelliferous plants it is found in the feed; 
In the geum, the root affords it; and in the labiated plants it 
is found in the branches and leaves. The fimilitude be- 
tween volatile oils and ether, which appears to be merely a 
combination of oxigene and alcohol, proves that the volatile 
oils may be nothing but a combination of the fermentefcible 
bails of fugar with oxigene. Hence we may form a notion 
how oil is formed in the difliilation of mucilage and of fugar; 
and we fhall no longer be furprifed to find that the volatile 
oils are acrid and corrofive, that they redden blue paper, 
attack and deflroy cork, and approach to the properties of 
acids. We fhall now proceed to treat of fixed and volatile 
oils feparatelyo 

DIVISION I. 
Concerning Fixed Oils. 

Mofc of the fixed oils are fluid; but the greater number 
are capable of palling to the flate of folidity, even by a 
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moderate degree of cold. There are fome which conftantly 
poffefs that form in the temperature of our climates ; fuch 
as the butter of cacao,* wax, and the pela of the Chinefe. 
They all congeal at different degrees of cold. Olive oils 
become folid at io° below zero of Reaumur ; oil of almonds 
at the fame degree ; but nut-oil does not freeze in our 
climates. 

The fixed oils poffefs a very evident degree of un&uofity, 
do not mix either with water or alcohol, are volatilized at a 
degree of heat fuperior to that of boiling water, and when 
volatilized they take fire by the contact of an ignited body. 
The fixed oils are contained in the kernels of fhell fruits 
or nuts ; in the pippins, and fometimes in all the parts of 
fruits, fuch as olives and almonds, all whofe parts are capa- 
ble of affording them. 

The oil is ufually made to flow by expreffion out of the 
cellules which contain it : but each fpecies requires a differ- 
ent management. 

i. Olive oil is obtained by expreffion from the fruit of 
the olive tree. The procefs ufed by us is very fimple. The 
olive is crufhed by a mill (lone, placed vertically, rolling 
upon an horizontal plane. The parte thus formed is ftrongly 
preffed in a prefs ; and the firil oil which comes out is called 
Virgin Oil. The marc or pulp is then moiftened with boiling 
water ; the mafs is again preffed ; and the oil which floats 
upon the water carries with it part of the parenchyma of the 
fruit, and a great part of the mucilage, from which it is 
difficultly cleared. 

The difference in the kind of olive produces a difference 
in the oil ; but the concurrent circumftances likewife eflab- 
lifh other differences. If the olive be not fulficiently ripe, 
the oil is bitter ; if it be too ripe, the oil is thick and gluti- 
nous. The method of extracting the oil has a very great 
influence on its quality. The oil mills are not kept mff<- 
ciently clean ; the mill-Hones, and all the utenfils, are im- 
pregnated with a rancid oil, which cannot but communicate 
its flavour to the new oil. In fome countries it is ufual to lay 
the olives in heaps, and fuffer them to ferment before the 
oil is drawn. By this management the oil is bad; and this 
procefs can only be ufed for oil intended for the lamp or for 
the foap-boiier, 
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2. Oil of almonds is extracted from that fruit by exp ref- 
fion. For this purpofe dry almonds are put into a coane 
fack, and agitated rather ftrongly, to difengage an acrid 
powder which adheres to the fkin. They are then pounded 
in a marble mortar into a pafte, which is wrapped in a coarfe 
cloth, and fubjecled to the prefs. 

This oil is greenifh and turbid when frefh,becaufe theacnon 
of the prefs caufes part or the mucilage to pafs through the 
cloth ; as it becomes older it is clearer, but is acrid by the de- 
compofition of the Mime mucilage. 

Some perfons throw almonds into hot water, or expofc 
them to (learn, before they prefs them ; but this addition of 
water difpofes the oils to become rancid more fpeedily. 

By this procefs the oil of ali kinds of almonds, nuts, and 
feeds, may be extracted. 

3. Linfeed oil is extracted from the feed of the plant li- 
rmm. As this feed contains much mucilage, it is torrefied 
before it is fubjecled to the prefs. This previous treatment 
gives the oil a difagreeable empyreumatic flavour ; but at 
the fame time deprives it of the property of becoming ran- 
cid, and renders it one of the moft drying oils. All muci- 
laginous feeds, all kernels, and the feeds of henbane and of 
the poppy, ought to be treated in the fame manner. 

If a fat oil be diflilled in a proper apparatus of veffels, the 
producl: is, phlegm ; an acid ; a fluid or light oil, which be- 
comes thicker towards the end ; much hydrogenous gas, 
mixed with carbonic acid ; and a coaly refidue, which af- 
fords no alkali. I have obferved that the volatile oils afford 
more hydrogenous gas, and the fixed more carbonic acid: 
this la ft producl: depends on the mucilage. By diflilling the 
fame oil repeatedly, it is more and more attenuated, becomes 
very limpid and very volatile, with the only difference that 
it has required the peculiar odour communicated by the fire. 
The volatilization of the oil may be accelerated by diflilling 
it from an argillaceous earth ; by this means it is in a fhort 
time deprived of its colouring part : and the heavy oils which 
afford bitumens, when diflilled once or twice from clay alone, 
inch as that 1 iel, are rendered perfectly colour! efs. 

Tile ancient chemifts prepared oleum pi rum by diflil- 

ling oil from a brick previously impregnated with it. 

1. Oil eafly combines with oxigene. This combination is 
either flow or rapid. In the firft cafe, rancidity is the confc-i 
quence ; in the fecond inflammation. 
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Fixed oil expofed for a certain time to the open air, ab- 
sorbs the oxigenous gas, and acquires a peculiar odour of 
fire, an acrid and burnt tafte, at the fame time that it be- 
comes thick and coloured. If oil be put in contact with 
ne in a bottle, it beeomcs more fpeedily rancid, and 
the oxigene is abforbed. Scheele obferved the abforption of 
a portion of the air before the theory was well afcertained. 
Oil is not fubject to alteration in clofed veiTels. 

It feems that oxigene, combined with the mucilage, con* 
ftitutes rancidity; and that, when combined with the oil 
ttfelf, it forms drying oil, 

The rancidity of oils is therefore an effect analogous to 
the calcination or oxidation of metals. It eiTentialiy depends 
' on the combination of pure air with the extractive principle* 
which is naturally united with the oily principle. We may 
carry this inference to demonftration, by attending to the 
jproceffes ufed to counteract or prevent the rancidity of oib» 
A. When olives are prepared for the table, every en- 
deavour is ufed to deprive them of this principle, which de- 
termines their fermentation ; and for this purpofe various 
methods are ufed. In fome places they are macerated in 
boiling water, charged with fait and aromatics ; and, after 
twenty-four hours digeflion, they are {teeped in clear water, 
which is renewed till their tafte is perfectly mild. Sometimes 
nothing more is done than to macerate the olives in cold 
water ; but they are frequently macerated in a lixivium or 
quick-lime and wood allies, after which they are walhed in 
clear water. But in whatever manner the preparation is made, 
they are preferved in a pickle charged with fome aromatic 
plant, fuch as coriander and fennel. Some perfons prcferve 
them whole ; others fplit them, for the more complete ex- 
traction of their mucilage, and in order that they may be 
more perfectly impregnated with the aromatics. 

All thefe proceifes evidently tend to exti acjt the mucila- 
ginous principle, which is ibluble in water, and by this 
means to preferve the fruit from fermentation. When the 
operation is not well made, the olives ferment and charge. 
If olives be treated with boiling water, to extract the muci- 
Jage, before they are fubmitted to the prefs, a fine oil Will 
be obtained, without danger of rancidity. 
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B. When the oil is made, if it be ftrongly agitated ill 
Water, the mucilaginous principle is difengaged ; and the 
oil may be afterwaids preferved for a long time without 
change. I have preferved oil of the marc of olives, prepared 
in this manner, for feveral years, in open bottles, without 
any alteration. 

C. The torrefadtion to which feveral mucilaginous feeds 
are fubjected before the extraction of the oil, renders them 
3efs fufceptible of change, becaufe the mucilage has been 
destroyed. 

D. M. Sieffert has propofed to ferment oils with apples 
or pears, in order to deprive rancid oils of their acrimony. 
By this means they are cleared of the principle which had 
combined with them, but now becomes attached to other 
bodies. 

Mucilage may therefore be confidered as the feed offer- 
mentation. 

When the combination of the pure air is favoured by the 
volatilization of the oil, inflammation and combuftion are 
then the confeqtience. To carry this combination into effect, 
the oil rauft be volatilized by the application of a heated 
body ; and the flame which is produced is then fufScient to 
maintain the degree of volatility, and fupport the combuftion. 
When a current of air is caufed to pafs through the middle 
of the wick and the flame, the great quantity of oxigene 
which mull then neceflarily pafs, occafions a more rapid 
combuftion. Hence it is that the light isilronger, and with- 
out fmoke ; for this is deitroyed and confumed by the violent 
heat which is excited. 

The lamps of Palmer are likewife entitled to our parti- 
cular attention. By caufing the rays to pafs through a liquor 
coloured blue; he perfectly imitates the light of the day ; 
which proves that the artificial rays require to be mixed with 
the blue, to imitate the natural : and the folar rays which 
pafs through the atmofphere, may owe their colour to their 
combination with the blue colour which appears to predomi- 
nate in the air. 

If water be projected upon oil in a (late of inflammation, it 
is known that extinction does not happen, becaufe the wa- 
ter is decompofed in this experiment. If the product of the 
coinbuflion of oil be collected, much water is obtained, be« 
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- tdrttbination of its bydrogene with osfgene ? ;:) ' 

duces that fluid. 

ifier has proved that one pound of olive oil con- 
tains, 

Coal or carbons, 12 ounces, 5 gros, t; grains) 
Hydrogene, - 3 — .2 67. 

The art of rendering oils df is on the 

combination of ./ mth, the oil itfelf. For this pu 

nothing more is required Elian to boil it with oxides, if an oil 
be heated upon the red oxide of mercury, a coufiderable 

■ ebullition enfuesj themercury is reduced, and the oil be- 
comes very drying : this is an obfervatidn of Mr. Puymaurin. 
The oxides of lead or copper are commonly ufed for this 

■purpofe. An exchange of principles takes place In this ope- 
aticn ; the mucilage combines with the metal, while the 
Gxigene unites with the oil. 

Oil may likewife be combined with the metallic oxides by 
double affinity, after the manner of BerthoHet. For this pur- 
pofe a folution of foap is poured into a metallic foiution. By 
this means a foap of a green colour is prepared with a fulphate 
of copper ; and, with that of iron, a foap of a deep brown 
colour, of coufiderable intenfity. 

It appears that, in the combinations of fixed oils with the 
oxides of lead, a fubflance is difengaged, and fwims at the 
Itop, which Scheele called the Sweet rrinciple, and feems to 
be limply mucilage. 

2. Oil combines with, fugar, and afiords a kind of foap, 
which may be eafily diffufed in water, and kept fufpended. 
The trituration of almonds with ftigar and water, forms the 
L'K: amygdaie, orgeat, and other emulfions. Combinations 
of this kind exiit ready formed in the vegetable kingdom. 

3. Oil unites readily with alkalis; and the refult of this 
union is the well-known compound, foap. To this etfeclgpoU 
Uih or pure alkali may be triturated with oil, and the mixture 
concentrate i by fire. The medicinal foap is made with c;i oii 
iweet almonds, aud half its weight of pot-afh or caudic 
alkali. The foap becomes hard by {landing. . 

To make the foap of commerce, one part of good foda of 
Aiicaut mult be boiled with two of quicklime; ra a funicient 
quantiiy of water. The liquor is then to be (trained thro 
thj and evaporated to that degree^ that a phial which 
1 T 
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contains eight of pure water, may hold eleven of the falinc 
folution, which is ufually called Soap Lye or Lees. One part 
of this lixivium, and two of oil, boiled together, till upon 
trial with a fpatula it eafily feparates , and foon coagulates, 
form foap. 

In moil manufactories the lixivium is prepared without 
heat. Equal volumes of pounded foda of Alicant, and quick- 
lime previouily flacked, are mixed together. Water is thrown 
on this mixture, which filters through, and is conveyed 
into a proper veiTel. Water is poured on till it paries through 
without acquiring any more fait. In this way thefe kinds of 
lyes are obtained, which differ in ftrength ; that which paries 
firfl is the ftrongeft, and the laft is almoft mere water. Thefe 
are afterwards mixed with oil in boilers, where the mixture 
is favoured by heat. The weak lye is firfl added, and after- 
wards gradually the flronger ; and the flrongeil is not added 
till towards the end of the procefs. 

To make the foap marbled, they make ufe of foda in the 
mafs, blue copperas, cinnabar, &c. according to the colour 
defired. 

A liquid green or black foap is likewife made by boiling 
the lixivium of foda, pot-afh, or even wood allies, with the 
marc of the oils of olive, of nuts, or of nape ; or with fat, 
or Mi oil, &c. The black foap is made in Picardy, and the 
green in Holland. The Marquis de Bouillon has propofed to 
make foaps with animal fat. 

At Aniane, and in the neighbourhood of Montpellier, a 
foft foap is prepared with cauflic lixivium of wood afhes, and 
the oil or the marc of olives. 

If foap be expofed to diftillation, the refult is water, oil, 
and much ammoniac ; and there remains in the retort a large 
quantity of the alkali ufed in the fabrication of the foap. The 
ammoniac which is produced in this experiment, appears to 
me to arife from the combination of the hydrogenous gas of 
the oil with the nitrogenc, a conftituent principle of the 
fixed alkali. 

Soap is foluble in pure water ; but it forms curds, and is 
decompofed in water abounding with fulphates : beraufe the 
fulphuric acid feizes the alkali of the foap; while the earth 
combines with the oil, and forms a foap which fwims at the 
furface. 
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. Soap is likewife folublc in alcohol by the affiftance of a 
gentle heat; and forms^the cflence of foap, or opodeldoc, 
which may be fcented at pleafure. 

Soaps are capable of combining with a larger quantity of 
oil, and rendering it foluble in water. Hence their property 
of cleanfmg cloths, linens, &c. They are ufed as deob- 
flruents in medicine. 

4. The fixed oils unite likewife with acids. Meflrs. 
Achard, Cornette, and Macquer, have attended to thefe 
combinations. Achard gradually adds the concentrated ful- 
phuric acid to the fixed oil; the mixture being triturated, a 
mafs is obtained which is foluble in water and in alcohol. 

The fuming nitric acid immediately turns the fixed oils 
black, and fets fire to fuch as are drying. It is in this cafe 
decompofed with a rapidity fo much the greater, as the oil 
has a greater affinity with the oxigene. On this account it 
is that the inflammation of the drying oils is more eafily 
effected than that of the others. 

Thofe acids whofe conftituent parts adhere mod; flrongly 
together, have but a very feeble action on oils; a circum- 
ilance which proves that the effect of acids upon oils is prin- 
cipally owing to the combination of their oxigene. 

It is by virtue of this ftrong affinity of oils with oxigene, 
that they pofTefs the power of reviving metals. The oxigene 
then quits the metal, and unites with the oils, which become 
thick and coloured. It likewife follows from hence that 
drying oils ought to be preferred for this ufe; and we find 
that practice agrees with theory in this refpect. 

DIVISION II. 
Concerning Volatile Oils. 

Fixed oil is combined with mucilage, volatile oil with thje 
fpiritus rector, or aroma; and it is this combination or mix- 
ture which conftitutcs the difference between them. The 
volatile oils are characterized by a ftrong fmell, more or lefs 
agreeable; they are foluble in alcohol, and have a penetra- 
ting and acrid tafte. All the aromatic plants contain vola- 
tile oil, excepting thofe whofe fmeil is very tramleut, Rich 
as jeffamine, violets, lilies, &c. 

The volatile oil is fometimes diltributed through the 
whole plant, as in the Bohemian angelica; fometimes it 
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exius in the bark, as in cinnamon. B at, and the 

greater abfinthium, contain their oils ih the^ftetfl and leave?; 

elicampane, the iris of Florence, and the caryophyllata, in 

the root. All the refinous trees contain, it in their youtog 

branches; rbfemary, thyme, and wild thyme, contain their 

caential oils in their leaves and buds ; lavender, and the role. 

in the calyx o: wcrs; camomile, lemon, and orange 

trees, in the petals. Many fruits contain it through their 

whole fiibftance, fucli as pepper, juniper, &c. Oranges 

end lemons in the zed and peeling Which inclofe them. The 

feed of umbelliferous plants, inch as anife and fennel, have 

the vefcles of ellimtial oil arranged along the projecting lines 

upon their ikm: the nutmeg tree contains its efkrntial oil in 

the nut itlefi.— See JJIniroduElkn a f Elude a:i Rc?r.c Vir. 


par M ■ , p. i o 9 — 2 1 2 . 

The duantity of volatile oil varies according to the flare 

off S ne afford mod when green, others when 

oh ;he latter conftitute the finallefi: number. The 

c-naiitity ljjcewrte varies according to the age of the plant, 

, the climate, and the time of extraction. 

Th : oils likevife differ in their confidence. Some 

:h of lavender, rofemary, and rue; 

cinnamon and faffafras are thicker; there are 

fo; utly preserve their fluidity; others which 

7 the flighted imprefnon of cold, as thofe 

oi hne'l: others again poffefs the concrete 

form, fucn as tflofe of rofes, of parfley, and of ciicampane. 

The volatile oils likcwife vary in their colour. The oil 

o r ■: that of lavender, of a light yellow: that 

ojfj veilow; the oil of camomile is of 

a fin fiiil, of a fea-grcen; that of pr. 

green, 

fe different in the different kinds. The 
oils of oar cii e in general light, and fwim upon wa- 

ter; ethers ai of'the fame weight; and others are 

he: ' (afTaJ ras and of cloves. 

lis vary according to thofe of •: he 
cf I I ace then:. 

Th rls in general is hot; but 

e plant ehce that of the oh; 

>r rxaTp':\ tic nil of pepper has no acrimony, and I 
which is obtained from wormwood is not bitter. 
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We are acquainted with two methods of extracting the 
volatile oils — expreflion and diitillation. 

i. Thofe oils which are, as it were, in a naked ftate, and 
contained in projecting and vilible receptacles, are obtained 
by expreffion. Such are thofe of citrons, oranges, cedrat, 
and bergamotte; the oil iffues out of the fkin of thefe fruits 
when preffed. It may therefore be procured by a ftrong 
preiTurc of the peeling againft an inclined glafs. In Provence 
and in Italy they are rafpcd; by which means the veficles 
are torn, and the oil flows into the veffcl deflined to receive 
it : this oil fuffers the parenchyma which goes along with it to 
fubfidc, and becomes clear by (landing. 

If a lump of fugar be rubbed againfl: thefe veficles, it im- 
bibes the volatile oils; and forms anoleo-faccharum, foluble 
in water, and very proper to give an aromatic flavour to cer- 
tain liquids. 

2. Diitillation is the method mod commonly ufed in the 
extraction of volatile oils. For this purpofe, the plant or 
fruit which contains the oil is placed in the boiler or body of 
the alembic. A quantity of water is then poured in, fuffi- 
cient to cover the plant, and the water is heated to ebullition. 
The oil which rifes with this degree of heat, comes over with 
the water, and is collected at the furface in a particular recei- 
ver, called the Italian receiver, which fuffers the furplus 
of water to efcape by a fpout iffuing from the belly of the 
vefiel, whpfe orihee is lower than that of the neck of the 
receiver; fo that by this means the oil is collected in the 
neck, without a poinbility of its efcaping.^ 

The water which paffes over in diiliilation is more or lefs 
charged with oil, and the odcran': principle of the plant, and 
forms what is known by the name of Diftilled Water. Thefe 
waters ought to be returned again into the cucurbit when 
the fame kind of plant is a^ain ciifiilled; becaufe, being fatu- 
rated with oil, and the aromatic principle, they contribute 
to augment the ulterior product. 

When the oil is very fluid or very volatile, it is neceffary 
to annex a worm pipe to the alembic, and to have the pre- 
caution of keeping the water at a very cold temperature; but 
-\ on the contrary, the oil is thick, the worm pipe mud 
be removed, and the water of the refrigeratory kept at a 
moderate temperature. In the firft way, the oils of balm. 
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jnint, fage, lavender, camomile, &c. may be diftilled; and, 
by the fecond, the oils of rofes, of elicampane, ofparflev, 
of fennel, of cumin, &c. 

The oil of cloves may likewife be extracted by diftillation. 
per defcenfum, which is determined by applying the fire 
above the material. 

Volatile oils are very fubject to be adulterated, either by 
mixture with fat oils, or with other effential oils, fuch as 
that of turpentine, which is cheaper; or by mixing them 
with alcohol. In the firft cafe the fraud is eafily detected-r- 
i. By diftillation, becaufe volatile oils rife at the heat of 
boiling water. 2. By caufmg blotting paper to imbibe fome 
of the mixture, and expofing it to a degree of heat funicient 
to drive off the volatile oil. 3. By means of alcohol, which 
becomes turbid and milky by the hifblubility of the fixed oil. 

The volatile oils which have a very ftrong fmell, fuch as 
thofe of thyme and lavender, are often fophifticated by oil 
of turpentine. In this cafe the fraud may be difcovered by 
foaking a fmall piece of cotton in the mixture, and leaving 
it expofed to the air a fufHcient time for the fmell of the good 
oil to be diffipated, and leave only that of the adulteration. 
The fame end, may beanfwered by rubbing a fmall quantity 
of the mixture on the hand, in which the peculiar fmell of 
oil of turpentine is developed. Thefe oils are likewife falfified 
by digefting the plant in oil of olive before diftillation. In 
this manner the oil of camomile is prepared. 

The very light oils, fuch as thole of cedrat or bergamotte, 
are often mixed with a fmall quantity of alcohol. This fraud 
is eafily detected by the addition of a few drops of water, 
h immediately become white, becaufe the alcohol aban- 
dons the oil to unite with the water. 

The volatile oils are capable of uniting with oxigene, with 
alkalis, and with acids. 

1. Volatile oils abforb oxigene with greater facility than 
the fixed oils. They become coloured by the abforption, 
grow thicker, and pafs to the (late of refm; and when they 
are thickened to this point, they are no longer capable of 
fermenting, but fecure from all putrefaction fuch bodies as 
are penetrated and well impregnated with them. On this 
is founded the theory of embalming.— The action of acids 
upon thefe oils, caufcs them to pafs to the ftate of refm; and 
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there is no other difference between volatile oil and refin, 
than that which arifes from this addition of oxigene. 

All the oils, when they aflame the chara&er of refin by 
this combination of oxigene, let fall needle-formed cryftals 
of camphor. Mr. Geoffrey has obferved them in the oil of 
fever-few, marjoram, and turpentine. Acad. 1721, p. 163. 

When the oil is changed by the combination of oxigene, it 
gradually lofes its fmell and volatility. To reftore this oil to 
its original (late, it is diftilled. A thick matter remains in 
the diftiliing vefTel, which conflfts of refin perfectly formed 
and is thus feparated from the oil 3 which has not yet under- 
gone the fame alteration. 

5. The habitudes of acids are not the fame with all vola- 
tile oils. 1. The concentrated fulphuric acid thickens them: 
but, if it be diluted, it forms favonules. 2. The nitric acid, 
when concentrated, inflames them; but, when diluted, it 
caufes them gradually to pafs to the (late of refin. Borri- 
chius appears to have been the firft who inflamed oil of tur- 
pentine with the fulphuric acid, without the nitric acid. 
Homberg repeated this delicate experiment with the other 
volatile oils. The inflammation of oils is fo much the more 
eafily effe&ed, as the oil is more drying or greedy of oxigene, 
and the acid more eafily decompofed. 3. The muriatic acid 
reduces oils to the faponaceous flate, but the oxigenated 
muriatic acid thickens them. 

3. Starkey appears to have been one of the firfi: who at- 
tempted to combine a volatile oil with a fixed alkali. His 
procefs is long and complicated, like thofe of the alchemifts j 
and the combination it afforded was knov/n by the name of 
Starkey's Soap, the procefs of this chemiil was fo long 
merely becaufe he ufed the carbonate of pot-afh, or mild 
vegetable alkali; but if ten parts of cauflic alkali, or tapis 
caujiicus, be triturated hot with eight parts of oil of turpen- 
tine, the foap is inftantaneoufly formed, and becomes very 
hard. This is the procefs of Mr. Geoffroy.— Acad, des Sci- 
ences, ann. 1725. 

Concerning Camphor. 
Camphor is obtained from a fpecies of laurel which grows 
in China and Japan. Some travellers affirm that the old trees 
contain it fo abundantly, that on fplkting the trunk it is 
found in large tears, io pure as to have no need of recti 
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lion. To extract the camphor, the roots of the trees arfr 
ufually chofen ; or, in want of theie, a!l the other parts of 
the tree. Thefe are put, together with water, into an iron 
alembic, which is covered with its head. The capital is fit- 
ted up internally with cords of rice ftraw, the joinings arc 
luted, and the diftillation proceeded upon. Part of the cam- 
phor fublimes, and attaches itfelf to the ftraw within the 
head ; while another portion is carried into the receiver with 
the water. The Hollanders purify camphor by mixing an 
ounce of quick-lime with every pound of the fubftance, and 
fubliminsr it in larre elafs yqffels: 

Camphor, thus purified, is a white concrete crvitalline 
fubfhm :e, of a firong fmell and tafte, folubie in alcohol, 
burning with a white flame, and leaving no rdidue : re- 
fembling volatile oils in many refpects, but differing from 
them in certain properties ; fuch as that of burning without 
certain properties; fuch as that of burning without a rdidue j 
of diffolving quietly, without decomposition or alteration, in 
acids ; and of being volatilized by a gentle heat-, without 
change of its nature. 

Camphor is obtained by diftillation from the roots of 
zedoary, thyme, rofemary, fage, the inula helenium, the. 
anemony, the pafque flower or pulfatilla, &c. And it is to 
be cbferved, that all thefe plants afford a much greater 
quantity of camphor when the fap has been fuffered to pais 
to the concrete ftate, by a deficcation of feveral months. 
Thyme and pepper mint, flowly dried, afford much cam- 
phor; whereas the frefh plants afford volatile oil : molt of the 
volatile oils, in pafTmg to the ftate of refm, alfo let fall much 
camphor. Mr. Achard has like wife obferved that a fmell of 
camphor was difengaged when he treated the volatile oil oi 
fennel with acids. The combination of the diluted nitric acid 
with the volatile oil of anife, afforded him a large quantity 
of cryftals, which poffeffed moft of the properties of cam- 
phor. He obtained a ilmilar precipitate by pouring the ve- 
getable alkali upon vinegar iaturated with the volatile oil of 
angelica. 

From all thefe facts it appears, that the bafc of cam] 
forms one of the constituent principles oi feme volatile oils ; 
but it is in the liquid ftate, and does not become concrete 
but bv combining with oxiffene; 
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Camphor is capable of cryftallization, according to Mr. 
Romieu, whether in fublimation, or when it is flowly preci- 
pitated from alcohol, or when alcohol is fuperfaturated with' 
it ; it precipitates in {lender filaments, cryflallizes in hexa- 
•gonal blades attached to a common axis, and it fublimes in 
hexagonal pyramids or in polygonal cryftals. 

Camphor is not folublc in water ; but it communicates its 
.fmell to that fluid, and burns on its furface. Romieu has 
obferved that fmall pieces of camphor, of one-third or one- 
. fourth of a line in diameter, being placed on the furface of 
pure water in a glafs, have a rotatory motion : and this ap- 
pears to be an electrical phenomenon ; for the motion ceafes 
.if the water be touched with a conducting fubftance ; but 
continues if it be touched with an infulating body, fuch as 
glafs, fulphur, or refin. Bergen has obferved that camphor 
does not turn upon hot water. 

A. ids dilfoive camphor without producing any alteration 
in it, or becoming themfelves decompofed : the nitric acid 
diflblves it quietly ; and this folution has been called Oil of 
Camphor. Camphor precipitated from its folution in acids 
by the addition of alkalis, is heavier, harder, and much 
lefs combudible, according to the experiments of Mr. Kofe- 
garten. By diftilling the ni:ric acid fevcral times from this 
fubftance, it acquires all the properties of an acid which 
cryflallizes in parallelopipedons. To obtain the camphoric 
acid, nothing more is required than to dillil the acid at fe- 
vcral times from the camphor, and in a large quantity. Mr. 
Kofegarten diftilled the nitric acid eight times from camphor, 
and obtained a fait cryftallized in parallelopipedons, which 
reddened fyrup of violets, and the tincture of turnfoie. Its 
fade is bitter ; and it differs from the oxalic acid in not pre- 
cipitating lime from the muriatic acid. 

With pot-am it forms a fait which cryflallizes in regular 
hexagons. 

With foda it affords irregular cryflals. 

With ammoniac it forms cryflailine maffes, which exhibit 
cryftals in needles and in prifms. 

With magnefia it produces a white pulverulent fait, which 
may again be diffclved in water. 

3 U 
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It diiToIves copper, iron, bifmuih, zinc, arfenic, and CO* 
The folution of iron affords a yellowiili white powder, 
which is mfoiuble. 

This acid forms, with manganefe, cryftals whofe planes 
are parallel, and in fome refpecls refemble bafaltes. 

The camphoric acid, or rather the radical of this acid, 
exifts in feveral vegetables ; fince camphor may be extracted 
from the oils of thyme, of cinnamon, of turpentine, of mint, 
of feverfew, of faiiafras, &c. Mr. Dehne has obtained it 
from the pafque flower, or pulfatilla ; and Cartheufcr has 
indicated feveral other plants which contain it. 

Alcohol readily diilblves it, and it may be precipitated by 
water alone: this folution is known in pharmacy by the 
name of Camphorated Spirit of Wine, or Camphorated 
Brandy, when brandy is the folvent. 

The fixed and volatile oils iikewife difiblve each other by 
the affiftance of heat ; the folutions let fall cryftals in vege- 
tation, ilmilar to thofe which are formed in the folutions of 
fal-ammoniac, compofed of very fine filaments adhering to a 
middle part. This obfervation was made by Mr. Romieuv 
Acad. des Sciences, 1756. 

Camphor is one of the beil remedies which the art of me- 
dicine poiieffes, "When applied to imflammatory tumours, it 
is refolvent ; and, internally taken, it is antifpafmodic, espe- 
cially when diiTolved in brandy. It is Given in Germany and 
in England in the dofe of feveral drams per day ; but in 
France our timid phyficians do not prefcribe it in a larger 
defe than a few grains. It mitigates heat in the urinary paf- 
fage. It is given triturated with yolk of egg, fugar, &c. 

It has Iikewife been fuppofed that its frnell deftroyed or 
drove away moths, and other infects which feed upon- 
cloth, &c. 

ARTICLE III. 
Concerning Refins. 

The name of Refin is ufed to denote inllammabJe fub-' 
fiances foluble in alcohol, ufually affording much foot by 
their combuflion ; they are Iikewife foluble in oils, but not 
all in water. 

Ail the refins appear to be nothing elfe but oils rendered 
concrete by their combination with oxigene. The cxpofure 
of thefe to the open air, and the decompofnion of acids ap- 
plied to them, evidently prove this conclu'fiun. 
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Reims in general are lefs fwcet than the foalfatas. They 
afford more volatile oil, but no acid, by diltiiiation. 

lhere are ibrne anions the known refins which are very 
pure, and perfectly folublc in alcohol, fuch as ihc balm of 
Mecca and of Copahu, turpentines, tacamahaca, efemi : 
others are lefs pure, and contain a fmall portion of ex 
which renders them not totally folub!e in alcohol ; fu: 
Hiaftic, fandarach, guaiacum, laudanum, and dragon's blood. 

1. The balfam of Mecca is a fluid juice which becomes 
jthick and brown by age. It flows from incifions made in the 
Miyris opobalfamum. It is known by the different names of 
palm of Judea, of Egypt, of Grand Cairo, of Syria, of 

Conffantinople, Szc, 

Its fmel] is ftrong, and inclining to that of lemons; i;s 
tafle is bitter and aromatic. 

This balfam, diltilled by the heat of boiling water, af- 
fords much volatile oil. 

It is balfamic ; and is given incorporated with fugar, or 
mixed with the yolk of egg. It is aromatic, vulnerary, and. 
healing. 

2. The balfam of Copahu flows from a tree called Co- 
paiba, in South America, near Tolu. It affords the fame 
products, and poffefTes the fame virtues, as the foregoing. 

3. The turpentine of Chios flows from the turpentine tree, 
which affords the piftachios. It is fluid, and of ?, 

white colour inclining, to blue. 

This plant grows in Cyprus, at Chios, and is common in 
the fouth of France. The turpentine is obtained only from 
the trunk and large branches. Incifions are made nm at the 
lower parts of the tree, and afterwards by ( I er up. 

This turpentine, diftilled on the water-bath, without ad- 
dition, affords a very white, very limpid, and very fragrant 
volatile oil : a more ponderous oil may be extracted at die 
heat of boiling water ; and the refidne, which is C 
Boiled Turpentine, affords by diflillation, in the reverbe- 
ritory furnace, a weak acid, a final! quantity of brown con- 
fident oil, and much coal. 

The turpentine of Chios is very rare in commerce. Venice 
turpentine is extracted from the larix : its colour is a I ) 
yellow, its confidence limped, its imdl Hrong and arc: 
and its tafte bitter. 
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The tree which affords it is that which affords mnrma. 
Holes are bored during the fummer near the bottom of the 
frtmks of thefe trees, into which fmall gutters or tubes -re 
inferted, to convey the juice into veflels intended to receive 
it. The refin is obtained only from trees in full vigour; the 
old trees very often have considerable depofitions of relin in 
their trunks. 

This turpentine affords the fame principles as that of Chios. 

It is ufed in medicine as a detergent for ulcers in the 
lungs, kidneys, Szc. either incorporated with fugar, or 
mixed with the yolk of an egg, to render it more mifcible 
"With aqueous potions. The foapof Starkey, which we have 
fpoken of under ihe article of Volatile Oils, is made with 
this turpentine. 

The refin known in commerce by the name of Strafburgh 
Turpentine, is a refinous juice of the confidence of a fixed 
oil, of a yellowifh white colour, a bitter tafte, and a more 
agreeable fmell than the preceding refins. 

It flows from the yew-leaved fir, which is very common 
in the mountains of Switzerland. This refin is collected in 
blifters, which appear beneath the bark in the ftrong heats 
of fummer. The peafants pierce thefe veficles with the point 
of a fmall horn, which becomes fil ! ed with rhe juice, and 
is from time to time emptied into a larger veffel. 

The balm of Canada differs from the turpentine of the 
fir in its fmell only, which is more plcafant. It is obtained 
from a fpecies of fir which grows in Canada. 

Oil' of turpentine is more particularly ufed in the arts. It 
5s the great folvent for all refins ; and, as it evaporates, it 
leaves them applied to the furface of bodies on which the 
mixture lias been fpreacl. As refins are the bafts of ail var- 
nifhes, alcohol and oil of turpentine mud be the vehicles' or 
folvents. 

4. Pitch is a refinous juice, of a yellow colour, more or 
lefs inclining to brown. It is afforded by a fir named Picea 
or Epicea, Incifions are made through the bark ; and the 
wound is renewed from time to time, as the lips become cal- 
lous. A vigorous tree often affords forty pounds. 

Pitch melted, and expreiTed through bags of cloth, is 
rendered purer. It is packed in barrels, by the name of 
White Pitchy or Burgundy Pitch, 



Various Refmous Subftanceu 47 5 

Whits pitch mixed with lamp black, forms black pitch: 
"White pitch kept in fufion becomes dry. The deficcation 
may be facilitated with vinegar, and leaving it for a time 
over the fire. It then becomes very dry, and is called Colo- 
phony. 

Lamp-black is the foot of burned pitch. It is likewife pre- 
pared by collecting the foot of pit-coal. 

5. Galipot is a concrete refmous juice, of a yellowifh, 
white culour and ftrong fmell. This juLe comes from Gui- 
enne, where it is afforded by two fpecies of pine, the pinus 

.maritima major, et minor. 

When thefe trees have acquired a certain fize : a hole or 
notch is cut through the bark, near the bottom of the trunk. 
The refin iffues out, and flows into veffels placed beneath to 
receive it. Care is taken to keep the wound open, and to 
renew it. The refm flows during the fummer ; but that 
which iffues out during the fpring, autumn, and winter, 
dries againft the tree. 

The pine likewife affords tar, and the oil called huile de 
Cade. For this purpofe the wood of the trunk, branches, 
and roots, is heaped together and covered with turf, over 
which a fire is lighted, as if to convert them into charcoal. 
The oil which is difengaged, not being at liberty to ekape, 
falls to the bottom into a channel or gutter, which conveys 
it into a tub. The molt fluid part is fold under the name of 
huile de Cade ; and the thicker part is the tar ufed for pay- 
ing or painting the parts of fhipping and other veffels. 

The combination of feveral refins, coloured by cinnabar 
and minium, forms fealing-wax. To make the wax, take 
half an ounce of gum-lac, two drams of turpentine, the lame 
quantity of colophony, one dram of cinnabar, and the fame 
quantity of minium. The jac and the colophony, are to be 
firft fufed, after which the turpentine is to be added, and 
Jaftly the colouring matters. ' . , 

6. Maflic has the form of white tears of a farinaceous ap- 
pearance, having little fmell, and a bitter aflringent talle. 
Maflic flows naturally from the tree, but its produce is acce- 
lerated by incifions. The leffer turpentine tree, and the 
lentifcus, afford that which is met with in commerce. 

Maflic affords no volatile oil when diflilled with water. It 
is almoll totally foluble in alcohol. 
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This refin is ufed in fumigations. It is chewed, to 
{Trengthen the gums; and it forms the bafis of feveral drying 
varnifhes. 

7. Sandarach is a concrete refinous juice, in dry white 
tranfparent tears, of a bitter and aflringent tafte. It is obtain- 
ed from moil fpecies of the juniper, and is found between 
the bark and the wood. 

Sandarach is almoft totally foluble in alcohol, with which 
it forms a very white varnifh, that dries fpeedily. For this 
reafon, the refin itfelf is known by us under the name of 
Varnifh. fvernisj. 

1. Labdanumis a black refinous juice, dry and friable, of 
a ftrong fmell, and a difagrecable aromatic tafte. It tranf- 
udes from the leaves and branches of a kind of ciftus, which 
grows in the iiland of Candia. Tournefort, in his Voyage 
to the Levant, informs us that when the air is dry, and the 
refin ifTiies out of the pores of the clftus, the peafants Qrikc. 
all the parts of thefe trees with a kind of whip, made of feve- 
ral thongs of leather, fixed to the end of a itaff. The juice 
adheres to the leather, and is cleared off with a knife. This 
is pure labdanum, and is very rare. That which is known 
by the name of ladanum in tortis, is mixed with a very fine 
ferruginous land, for the purpofe of increafing its weight. 

9. Dragon's blood is a refin of a deep red in the mafs, but 
brighter when in powder. It has neither tafte nor fmell. 

It is obtained from the drakena, in the Canary iflands, 
from which it flows in tears during the dog-days. It is alfo 
obtained from the ptero-carpus draco. The parts are expo- 
fed to the vapour of hot water; the juice ilfues out in drops, 
which are collected and wrapped up in the leaves of reeds. 

The dragon's blood of the fhops, which has the form of 
flattened orbicular loaves, is a compofuion of various gums, 
to which this form is given, after they have been coloured 
with a fmall quantity of dragon's blood. 

Dragon's blood is foluble in alcohol: the folution is red: 
the refin itfelf may be precipitated of the fame colour. 

This refin is ufed in medicine as an aftringent. 

ARTICLE IV. 

Concerning Balfams. 

Some authors define balfams to be fluid inflammable fub- 
ftanccs ; but there are fome which are dry. Others again 
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give tills name to the moil fragrant among the refms. M. 
Bucquet lias confined this denomination to fuch refins only 
as have a fweet flavour, capable of being communicated to 
water ; and which more efpecially contain fragrant acid and 
concrete falts, which may be feparated by decoction or fubli- 
mation. It appears therefore that thefe fubllances contain 
a principle not found in refins, which combining with oxi- 
gene, forms an acid ; while the oil, faturated with the fame 
air, forms the refin. This acid fait is foluble in water and 
alcohol. As the chemical analyfis points out a fufficiently 
(hiking difference between balfams and refins, we think it 
proper to treat them feparately. 

The fubftances called Balfams are therefore refins united 
with a concrete acid fait. We are acquainted with three 
principal kinds j viz. benzoin, the balfam of Tolu, and the 
ftorax calami ta. 

i. Benzoin is a coagulated juice, of a pleafant fragrant 
fmcll, which becomes ftronger by friction and heat. 

Two varieties of this fubftance are known ; the benzoe 
amygdaloides, and the common benzoin. The firfl is com- 
pofed of the mod beautiful tears of this balfam, connected 
together by a gluten of the fame nature, but browner, and 
of the afpect of nutmegs in its. fracture. The fecond is merelv 
the juice itfelf, without any mixture of thefe fine and very- 
pure tears. It comes to us from the kingdom of Siam, and 
the ifland of Sumatra ; but we do not know the tree that 
affords it*. 

Benzoin, laid upon hot coals, fufes, fpeedily takes fire, 
and emits a flrong aromatic fmell. But if it be merely- 
heated, without fetting it on fire, it fwells up, and emits a 
more pleafant though lefs powerful fmell. 

Benzoin pounded, and boiled in water, affords an acid fait, 
which cryflallizes in long needles by cooling. This fait may 
alfo be extracted by fablimation. It rifes by a degree of heat 
even lefs than that which is required to raife the oil of ben- 
zoin ; and this is the fubftance called Flowers of Benzoin, or 
the Sublimed acid of Benzoin. Neither of the feprocefies are 
oeconomical; and in the preparation of thefe articles, in the 
large way, I begin by diftilling the benzoin, and caufe all the 

* For a drawing and defcription of this tree, confult Dryander, m 
the Pliii. Tranf. vol. Ixxvii. No. 31. 
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products to pafs confounded together intoacapacious receiver. 
I then boil the product in water, and by this means I obtain 
a much greater quantity of the fait of benzoin : becaufe, in 
this (late, the water attacks and difibjves the whole contents* 
whereas the mod accurate trituration will not produce the 
fame effect. 

The fublimed acid of benzoin has a very penetrating aro- 
matic fraell, which excites coughing j more efpecially if the 
fubliming veffels be opened while yet hot. It reddens the 
fyrup of violets, and effervefces with the alkaline carbo- 
nates. It unites with earths, alkalis, and metals, and forms 
benzoates, of which Bergmann and Scheele have given us 
fome account. 

Alcohol diffolves benzoin totally, without leaving any 
refidue but fu:h foreign impurities as the baifam may hap- 
pen to contain. It may be precipitated by the addition of 
water; and then conftitutes the opake fluid called Lac 
Virginale. 

Benzoin is ufed as an aromatic in medicine: but it is fel- 
dom ufed in fubfeance, becaufe of its fparing folubility : its 
tincture, and volatile acid, are ufed. The latter is a good 
in i five medicine to be adminiftered in pituitous obstructions 
of the lungs, the kidneys, &c. It is given in extracts, or 
diffolved in water. 

Benzoin is employed in fumigations for indolent tumours. 
The oil is likewife an excellent rcfolvent. It is applied by 
friction to members affected with cold rheumatic and para- 
lytic di (orders. 

2. The baifam of Tolu, of Peru, or of Carthagena, has 
a mild and pleafant fmell. 

It is met with in commcrre in two different forms ; either 
in (hells, or in the fluid (late. The coco is foftened by boiling 
Water, and the baifam flows out in the fluid form. 

The tree whi h affords it, is the Toluifera of Linnseus. It 
grows in South America, in the diilrict called Tolu, be- 
tween Carthagena and Nombre de Dios. 

The fluid balfom affords much volatile oil when diflilled 
by the heat of boiling water. 

An acid fait may be extracted from this baifam, which 
greatly refembles that of benzoin, and may be obtained by 
the fame proceffes -, but tfcs fublimed fait is commonl/ 
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vn, becaufe it is foiled by a portion of the balfam, which 
riles with a lefs heat than benzoin does. 

This balfam is foluble in alcohol, and may be precipitated 
by the addition of water. 

. It is much ufed in medicine, as an ai Ltic, vulnerary^ 

antiputrefcent remedy. It is adttriniftered either tritu- 
rated with fugar, or mixed with fome extra&. A fyrup is 
ired from it by digefting it in a gentle heat with fugar ; 
pr by diffolving it in alcohol, adding fugar^ and fuffering the 
alcohol to diflipate fpontaneouHy. 

It is falfified by m r the diftiiled oil of benzoin 

upon the buds of the balm-fcented poplar, and adding a 
uhall quantity of the natural balfam. 

Sforax or flyrax cal a juice of a very flrong but 

fantfmell. Two v; ire known in commerce: the 

one in reddifh clean tears ; the other in maffes of a blackilh. 
red colour, foft and fatty. 

The plant which affords it is called the oriental liquid 
amber. It has been long fuppofed to be the (lyrax folio mali 
cptohaei C. B. which is known in Provence, in the wood 
of La Chatreufe de Montrieu, by the name of Aliboufier ; 
and, according to Duhamei, affords a very odorant juice, 
which he took for (lorax. 

Its habitudes during analyfis are the fame as the preceding, 
and it exhibits the fame phenomena. 

It was formerly brought to us in canes or reeds, whence 
its name of ftorax calami ta. 

Thefe three balfams form the bafe of thofe fragrant paftils 
which are burned in the chambers of the fick, to conceal or 
difguife bad fmells. Thefe balfams are made into maffes by 
ineans of gum ; with the addition of charcoal and the nitrate 
oLpot-alh, to facilitate combultion. 

ARTICLE V. 

Concerning Gum Relins. 

The gum refms are a natural mixture of extract and refin. 

They feldom flow naturally from plants, but iffue out from 

mcifions made for that purpofe. They are fometimes whitje, 

as in the tithymalus and" the fig-tree ; fometimes yellow, as 

i j chelidonium : fo that we may confider thefe filbftances 
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as true emulfions, whole conftituent principles vary in their 
proportions. 

The gum refins are partly foluble in water, and partly 
in al ohol. 

One character of gum refins is, that they render water 
turbid in which they are boiled. 

This clafs is furaciently numerous : but we Ihall only 
treat of the principle fpecies, and more efpecially thoie 
which are ufed in medicine. 

1. Olibanum, or frankincenfe, is a gum refin, in tears 
of a yell owi ill white colour and tranfparent. Two kinds are 
known in trade : the male incenfe, in fmall very pure tears; 
and the female incenfe, in large and impure tears. 

The tree which affords it is not known. Some authors 
fuppofe it to be the cedar with cyprefs leaves. 

Olibanum contains three parts of refinous matter, and one 
of extract. When it is boiled in water, the folution is white 
and turbid, like that of all the juices of this clafs. When it 
is freffi, it affords a quantity of volatile oil. 

Olibanum is ufed in medicine as a refolvent. But its chief 
ufe is in our temples, where it has been adopted as one of 
the inftruments of worlhip of the Divinity. 

It is ufed in hofpitals, to difguife the fmell of the putrid 
air which is exhaled. M. Achard has proved that this 
proceeding has no other effect, than that of deceiving the 
fenfe of fm el ling. 

1. Scammony is of a blackifh grey colour, a bitter and 
acrid tafte, and a flrong naufeous fmell. 

Two varieties are met with in commerce ; one of which 
comes from Aleppo, and the other from Smyrna. The firfl: 
is paler, lighter, and more pure ; the fecond is black, 
heavy, and mixed wiih foreign fubllances. 

It is extracted from the convolvulus fcammonia, princi- 
pally from the root. For this purpofe incifions are made at 
the head of the root : it is collected in mufcle fhells. But 
mod of that met with in trade is obtained from the roots by 
expreHion. 

From the refults of the analyfis of Geoffroy and Car- 
theufer, it appears that the proportion of the component 
parts varies ia the different fpecimens examined. The latter 
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obtained near one half of extract, whereas the former only 
one fixth. ' 

1 Scammony is ufed in medicine as a purgative, in the dofe 
of feveral grains. When triturated with fugar and almonds, 
it forms a very 'agreeable purgative emulfion. When foft- 
ened by a mixture of the juice of liquorice, or of wild 
quinces, it forms the diagredium. 

3. Gum guttae has a reddiih yellow colour : it has no 
fmell, but its tafte is acrid and cauflic. Gum guttce was 
brought to Clufius in 1630. It comes from the kingdom of 
Shun, from China, and from the ifland of Ceylon, in cy- 
linders of various fizes. ' The tree which affords it is called 
Coddam Pull'. Herman reports, from his own obfervation 
as an eye witnefs, that a milky and yellowifh juice flows 
from incifions made in thefe trees; that this juice becomes 
thick by the heat of the fun ; and that, when it is a (late fit 
to be handled, it is formed into large globular mafl 

Geoffroy has extracted live fixths of re fin from gum gtittse. 
Cartheufer has afcribed to it more extractive than reiinous 
mat 

Gum guttae is fometimes ufed as a purgative, in a dofe of 
a few grains. But the principle ufe of this fubftance is in 
painting, where it is recommended by the beauty of its 
colour. 

4. AfTa fcetida is met with in tears of a yellowiih white 
colour ; but mod commonly in the form of loaves formed 
by the aggregation of a number of the tears. It his an a 
and bitter tafte, and its fmell is one of the mo ft difagreeable. 

The plant which affords it is called Ferula Affa Fcetida. 
. This plant grows in Perfia : and the juice of its root is 
obtained by expreffion, according to Ksettipfei*; It is fluid 
and white when it ifTues from the plant, and it emits an abo- 
minable fmell when recent. This juice lofes its fmell, and 
becomes coloured, as it dries. But it ftili preferves fmell 
enough to entitle it to the name of Stercus Diaboli. 

The Indians find its flavour agreeable ; they ufe it for 
feafoning, and call it the food of the gods : a proof which 
evinces, beyond every argument, that taftes mud not be 
difputed. 

Cartheufer found it to contain one third of refin. 
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It is a folvent and difcuticnt remedy; and more particu- 
larly valuable as a moft powerful antihyfteric. 

5. Aloes is a juice of a red brown colour, and very confide- 
rable bitternefs. Three fpecies are diftinguifhed — the foc- 
cotrine aloes, the hepatic aloes, and the coballine aloes; 
they differ only in their degree of purity. M. de Juineu, 
who fa w thefe three varieties prepared at Morviedro in Spain, 
allures us that they are all obtained from the aloe vulgaris, 
The firll variety is obtained by making incilions in the leaves. 
Tune is allowed for its impurities to fubfide perfectly. The 
fluid is then decanted from the dregs, and left to become 
thick; after which it is put into leathern facks for fale, under 
the name of Soccotrine aloes. A juice of the fame nature is 
obtained by expreiTion from the fame leaves, which, when 
clarified in the fame manner, forms the hepatic aloes: and 
the cob. 'line aloes is obtained by aftronger prefTure. 

The Soceoirine aloes contains no more than one eighth 
of rclln, recording to Boulduc. The hepatic aloes contains 
fear? its weight. 

Aloes is very much ufed in medicine as a purgative, tonic, 

,rative, and vermiftv 

6. Gum ammoniac is fometimes met with in fmall tears, 
hite within, and yellow without. But they are often uni- 

r.lembling the benzoe amygdaloides. 
I: and its tafte acrid, bitter, and rather 

m the defarts of Africa, and the plant 
V/l J nknown : it is prefumed to be of the clafs 

f from the figure of the kz^ found 

in i 

Gum ;v : is very nracfi ufed in medicine. It is a 

. .-; arid is given in pills, incorporated 

I or in (8fnc oan'ct. It may even be thfiblvedor 

■■;; this liquid becomes turbid, and of a yel- 

lowiQl white. 'Gum ammoniac enters into the compaction 

. of all difcufllve placers. 

Concerning Caoutchouc, or Elailic Gum. 
E!a ' 1 is one of thole fubftances which it is difficult 

refills: but its foftnefs, Pfe elaffeitfty, 
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and its infolubility in the menftruums which ufually diflblve 
refins, do not allow us to clafs it among thofe bodies. 

The tree which affords it is known by the name of Seringa 
by the Indians of Para. The inhabitants of the province of 
Efmeraldas, a province of Quito, call it Hhava; and thofe 
of the province of I. lainas, Caoutchouc. 

Mr. Richard has proved that this tree is of the family of 
the euphorbia; and Mr. Dorthes has obferved, that the 
coccus which are covered with a down that refembles fmall 
ftraws, were covered with a gum very much refembling the 
elaftic gum. Thefe infects feed on the euphorbium; but 
thofe which come from other fituations afford the fame juice. 
We are indebted to Mr. Condamine for an account, and 
accurate details, concerning this tree, (Acad, des Sciences, 
175 1.) This academician informs us, after M. Frefneau, 
engineer at Cayenne, that the caoutchouc is a very lofty 
tree. Incifions are made in the bark; and the white juice, 
which flows out in a more or lefs liquid ftate, is received in 
a veffel placed for that purpofe. This is applied in fuccefiive 
coatings upon a mould of clay, and dried by the fire, or 
in the fun. All forts of defigns are traced upon it while 
foft ; and, when it is dry, the clay mould is crufhed, and 
the pieces fhaken out. 

This gum is very elaftic, and capable of great extenflon. 
When elaftic gum is expofed to the fire, it becomes foft, 
fwells up, and burns with a white flame. It is ufed for illu- 
mination, inftead of candles, at Cayenne. 

It is not at all foluble either in water or alcohol. But 
Macquer has alfured us that ether is its true folvent; and 
upon this property he has inftituted the art of making 
bougies for chirurgical ufes of elaftic gum, by applying this 
folution uponamouldof wax tillit is of therequifite thicknefs. 
Mr. Berniard, to whom we are indebted for important 
obfervaticns upon this fubftance, found only the nitric ether 
to diffolye elaftic gum. Very pure fulphuric ether did not 
perceptibly aft upon it. 

If elaftic gum be put in contact with a volatile oil, fuch as 

that of turpentine, or even if it be expofed to the vapour of 

that fluid, it fwells, foftem, and becomes very pafty. It 

may then be fpread upon paper, or applied as a var- 

(h to cloth; but this covering prefer ves its adhefive 
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quality, and does not lofe it for a long time. The mixture 
of volatile oil and alcohol forms a better folvent than the 
pure oil, and the varnifh dries more fpeedily. 

Mr. Berniard has concluded from his experiments that 
the eladic gum -is a fat oil, coloured by a matter foluble in 
alcohol, and foiled by the fmoke to which the gum is ex- 
pofed in drying. 

If linfeed oil be rendered very drying by digeding it 
upon the oxides of lead, and it be afterwards applied with 
a fmall brufh upon any furface, and dried by the fun or in 
the fmoke, it affords a pellicle of a confiderable degree of 
firmnefs, evidently tranfparent, burning like the eladic gum, 
and wonderfully eladic and extenfible. If this very drying 
oil be left in a wide fliallow veffel, the furface becomes 
thick, and forms a membrane which has the greated ana- 
logy with the eladic gum. A pound of this oil fpread upon 
a done, and expofed to the air for fix or feven months, 
acquired almod all the properties of eladic gum. It was 
ufed to make catheters and bougies ; was applied to varaifli 
balloons, &c. 

Some gum refins are cleared by art of their extractive 
principle, for the purpofe of applying them to various ufes. 
Such is the intention of the procefs ufed to make bird-lime. 
This is made from different fubdances, as the berries of 
mifletoe, the fruit of the febeften, &c. But the bed is made 
of the holly oak. Thefe trees are peeled in the month of 
June or July : the outer bark is rejected, and the fecond is- 
boiled in fpring water. for feven or eight hours. It is then 
made into maffes, which are buried in the ground, and 
covered with dones, for feveral layers one over the other. 
After having previoufly drained off the moidure, they are 
fuffered to ferment for fifteen days, until the matter has 
acquired the adhefive confidence of pade. The mats is then 
beaten till it becomes capable of being wrought with the 
hands, or kneaded ; after which it is wafhed in a running 
dream. Ladly, it is placed for three or four days in another 
veffel, that it may throw up its'ikum or impurities; in 
which lad date it is put into proper veffels, and kept for ufe. 

The following compofition is likewife made ufe of under 
the name of bird-lime. Take one pound of bird-lime, one 
pound of goofe-greafe j add to this one ounce of vjd 
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half an ounce of oil, and the fame quantity of turpentine. 
Boil the mixture for feveral minutes, and heat the mafa 
when you are defirous of ufing it as a cement. It may be 
prevented from freezing in winter, by adding a fmall quan- 
tity of petroleum. 

Concerning Varnifh. 

The Pere d'Incarville has informed us that the tree which 
affords the varnifh of China is called Tfi-chou by the Chi- 
nefe. This tree is propagated by off-fets. When the culti- 
vator is defirous of planting this, he takes a branch, which 
he wraps up in a mafs of earth, by means of flax. Care is 
taken to moifteri this earth ; the branch pufties out roots, 
and is then pruned and tranfplanted. This tree grows to 
the fize of a nun's leg. 

This varnifh is drawn in fpring. If it be a cultivated tree, 
it affords three gatherings. It is extracted by incifions made 
in the fpring ; and when the varnifh, which is received in 
ihells, does not flow, feveral hogs bridles, moiflened with 
water or fpittle, are introduced into the wound, and caufe it 
to run. When the tree is exhaufted, the upper part of jt is 
wrapped in ftraw, which is fet on fire, and caufes the varnifh. 
to precipitate to the bottom of the tree, where it flows out 
of perforations made for that purpofe. 

Thofe who collect the varnim fet out before day-break, 
and place their fhells beneath the apertures. The {hells are 
not left longer than three hours in their place, becaufe the 
heat of the fun would evaporate the varnifh. 

The varnifh emits a fmell which the workmen are very 
careful to avoid refpiring. It produces an effect which they 
call the bud of the varnifh. 

When the varniih iffues from the tree, it refembles pitch. 
By expofure to the aif it naturally becomes coloured, and 
is at lalt of a beautiful black. 

The juice which flows from incifions made in the trunk 
and branches of the thus toxicodendron, poifeffes the fame 
properties. The tree that grows in our climates affords a 
white milky fluid,' which becomes black and thick by the 
contact of the air ; its colour is the mod beautiful black: 
and it would be eafy to introduce this valuable fpecies of 
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induftry into the kingdom, becaufe the tree grows wonder^ 
fully well in all climates, and refills the cold of the winter. 

To make the varnifh bright, it is evaporated by the 
fun j and a body is given to it with hog's gall, and the ful- 
phate of iron, or martial vitriol. 

The Chinefe ufe the oil of tea, which they render drying 
by boiling it with orpiment, realgar, and arfenic. 

The varnifhes moil ufed in the arts have all of them the 
refins for their bafe ; and the fundamental fails in this va- 
luable art are reducible to the following principles. 

To varnifh any fubflance, confifts in applying upon its 
furface a covering of fuch a nature, as mall defend it from 
the influence of the air, and give it a mining appearance. 

A coat of varnifh ought therefore to poffefs the following 
properties: — i. It muft exclude the action of air ; becaufe 
wood and metals are varnifhed to defend them from decay 
and ruft. 2. It mufl refill water ; for otherwife the effect, 
of the varnifh could not be permanent. 3. It ought not to 
alter fuch colours as are intended to be preferved by this 
means. 

It it neceffary therefore that a varnifh mould be eafily 
extended or fpread over the furface, without leaving pores 
or cavities ; that it fliould not crack or fcale ; and that it 
fhould refill water. Now refins are the only bodies that 
poffefs thefe properties. 

Refins confequently mufl be ufed as the bafes of varnifh. 
The quellion which of courfe prefents itfelf mull then be, 
how to difpofe them for this ufe ; and for this purpofe they 
mufl be diffolved, as minutely divided as poffible, and com- 
bined in fuch a manner that the imperfections of thofe which 
might be difpofed to fcale, may be corrected by others. 

Refins may be diffolved by three agents — 1. By fixed oil. 
1. By volatile oil. 3. By alcohol. And accordingly we 
have three kinds of varnifh : the fat or oily varnifh, effen- 
tial varnifh, and fpirit varnifh. 

Before a refm is diffolved in a fixed oil, it is neceffary to 
render the oil drying. For this purpofe the oil is boiled with 
metallic oxides ; in which operation the mucilage of the oil 
combines with the metal, while the oil itfelf unites with the 
oxigene of the oxide. To accelerate the drying of this var- 
nifh, jit is neceffary to add oil of turpentine. 
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The effential varnimes ccnfift of a folution cf refin in cil 
©f turpentine. The varniih being applied, the effential oil 
flies off, and leaves the refin. This is ufed only for paintings. 

When reftns are dhfolved in alcohol, the varniih dries 
very fpeedily, and is fubjecl: to crack ; but this fault is cor- 
rected by adding a fmall quantity of turpentine to the mix- 
ture, which renders it brighter, and lets brittle when dry. 

The coloured refin s or gums, fuch as gum guttce, dra- 
gon's blood, &c. are ufed to colour varniflies. 

To give lull re to the varniih after it is laid on, it is rubbed 
with pounded pumice ftone and water; which being dried 
with a cloth, the work is afterwards rubbed with an oiled 
rag and tripoli. The furface is lad of all cleaned with foft 
linen cloths, cleared of all greafinefs with powder of (larch, 
and rubbed bright with the palm of the hand. 

ARTICLE VI. 
Concerning the Fecula of Vegetables. 

The fecula appears to be only a flight alteration of muci- 
lage ; for it differs from that fubftance in no other refpect 
than in being infoluble in cold water, in which liquid it falls 
with wonderful quicknefs. If it be put into hot water, it 
forms a mucilage, and refumes all its characters. It feems 
that the fecula is limply a mucilage deprived of caloric. In 
fact, a young plant is all mucilage ; the old plants and fruits 
afford little fecula, becaufe the heat is ftronger in young than 
in old plants, according to Dr. Hunter. 

There are few plants which do not contain fecula. Mr. 
Parmentier has given us a lift of all thofe which afford it, 
in his experiments. (See his Recherches fur les Vegetaux 
NouriiTans.) But the feeds of gramineous and leguminous 
vegetables, as well as the roots, which botanifts call Tube-, 
rofe, contain it mod plentifully. 

Nothing more is required, in order to extract the fecula, than 
to bruife or grind the plant in water ; and the fecula, which 
is at firft fufpended in that fluid, foon falls to the bottom. 
We mall not in this place attend to any other fecula? but 
fuch as are ufed in the arts or in medicine. Such are thofe 
of bryony, of potatoes, cailava, fago, falep, (larch, &c. 

1. The fecula of bryony is extracted from the root of 
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that plant. The bark is fiaift taken off from the root, which 
is then rafped, and fubmitted to the prefs. The juice which 
flows out by exprcffion is rendered white and opake by a 
fecula which fubfides. The liquid is then decanted off, and 
the fecula dried. It is ftrongly purgative, on account or a 
portion of extract which it retains ; but it may be deprived 
of its purgative virtue by careful waftiing in water. If water 
be poured on the marc' which remains beneath the prefs, a 
large quantity is obtained which is not purgative, becaufe 
tjie extractive matter was forced out by the firft operation. 
Mr. Baume has propoied to fubftitute this fecula inftead of 
ftarch. The fecula is afforded by fimilar treatment of the 
roots of corn- flag and arum. 

2. That which is generally known by the name cf Potatoes 
Flour, is nothing but the fecula of this root obtained by or- 
dinary and eafy proceffes. The root being well warned, it is 
pounded or crufhed in fuch a manner as perfeftiy to deftroy 
its texture. The pulp is then put into a fieve, and water 
poured on it. which carries off the fecula, and depofits it at 
the bottom of the receiving veffel. The water, which is 
coloured by extractive matter, and part of the parenchyma 
that remains fufpended, is decanted off, and the depofition 
is waflied fevcral times. The colour of the fecula grows 
whiter as it dries ; and when dry it is very white and fine. 

As this fecula has become an article of common ule for 
forae time pad, feveral inftruments have been contrived 
which are more or lefs fuited to bruife the potatoes. Rafps 
have been propofed turning in cylinders, mills armed with 
points of iron, &c. 

3. The caffava of the Americans is extracted from the 
roots of the manioc. This plant contains an acrid and very 
dangerous poifon, of which it mud be very carefully deprived. 
The Americans take the frefh root of manioc, which they 
peel, rafp, and inclofe in a bag or lack formed of rallies, 
and of a very open texture. This bag is fufpended from a 
flail; and a very heavy veffel is fattened to its lower part, 
which draws the bag down, fo as in fome meafure to con*. 
prefs the root, at the fame time that it receives the juice as 
it flows out. The juice is a mod dreadful poifon. When 
the root is well cleared of the juice, it is put into the fame 
bags, and expofed to dry in the frnoke. The fitted root is 
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called CafTava. To convert it into food, it is fpread out 
upon an hot brick or plate of iron ; and when the furface 
which refts immediately on the brick is of a reddifn brown 
colour, it is turned, to bake the other fide ; and in this 
flate it forms what is called Caffava Bread. 

The expreffed juice carries with it the fined part of the 
ferula, which quickly fubfides ; and this fecula, known by 
the name of Mouclraffe, is ufed to make paltry. 

The poifonous extract which mod of thefe roots that 
abound in fecula contain, ought to engage thofe who pre- 
pare them to be uncommonly attentive to the due manage- 
ment of the procefs. Without the mod fcrupvilous care the 
mod unhappy confequences may follow. It fliould always be 
recollected, in the preparation of thefe fubdances, that the 
poifon is in contact with the food. 

A fecula has likewife been appropriated to domeflic ufes 
which is extracted from the pith of feveral farinaceous palms, 
and is known by the name of Sago. This preparation is 
made in the Molucca Jflands. The pith of middle-aged palms 
is only ufed ; for the young, as well as the old, affords 
very little fecula. This pith is mixed with water ; and the 
fecula which is extracted, and renders the fluid white, is 
mfFered to fubfide. When the fecula is dried, it forms 
fmall grains ; which when reduced to powder, and mixed 
with warm water, affords a very nourifhing pulp or mucilage. 

M. Parmentier has propofed to make fago out of pota- 
toes ; in confequence of his idea that all feculse are abfe- 
lutely identical, and that this principle is one and the fame 
in nature. For this purpofe he propofes to add a fpoo: 
of the fecula of potatoes gradually to a chopin, or h 
pint, of hot water or milk, to be kept (lirring over a g. 
fire for half an hour. Sugar may be added, with aromatics 
or fpices, fuch as cinnamon, lemon peel, faffron, orange- 
flower water, rofe-water, &c. 

The fago of potatoes may likewife be prepared with veal 
broth, chicken broth, or common broth. The preparation 
may be varied in a thoufand ways, and it forms a very 
wholelome and nourifhing food. 

5. The bulbs of all the kinds of orchis may be ufed to 
make falep. All that is required to be done confids in 
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depriving them of the extractive principle, and drying the re- 
fidue, which becomes tranfparent by this operation. 

In order to dry them more fpeedily, they are fining, and 
Jiung up ; or othenvife it is thought fufficient to rub thefe 
bulbs in water either hot or cold, and to dry them in an 
oven. This lafl procefs was communicated to Dr. Percival 
by Mr. John Moult. 

The fecuia of falep, pulverized, and combined with wa- 
ter, forms a very nourifhing jelly. 

6. The fecuia is likewife one of the conflituent principles 
of the feeds of gramineous plants ; and when thefe have 
been ground, and reduced into farina, nothing more is re- 
quired than to mix them with water, in order to precipitate 
the fecuia. But another procefs for procuring it is ufed in 
the arts : it confifls in deflroying by fermentation the ex- 
tractive and glutinous part/with which it is intimately united; 
and in this confiils the art of making flarch. The procefs of 
the frarch-maker confifts in fermenting grain, pollard, da- 
maged flour, &c. in the acid water which they call eaufure. 
When the fermentation is ended, they takeout the fecuia, 
which is precipitated to the bottom of the water, and put it 
into hair racks. Frefli water is poured upon this, which 
carries the finer fecuia with it ; and this being feveral times 
walhed, conflitutcs flarch, cleared of every foreign principle. 

There are likewife coloured fecuia?, fuch as indigo, which 
we fball treat of when we come to the article Dying. 

The ufes of feculae are very numerous. 

I. They co a very nourishing food, becanfe the 

nutritive virtue c't gramineous vegetables rcfides in them. 
Thofe feeds which man has appropriated for his food, con- 
tain much ; and thefe fecuia?. form a very nourifhing jelly 
with hot water. It may be feen, in the work of Mr. Par- 
mentier, that this is truly the moil fui table nourifhment for 
man.. Some of thefe are even entirely devoted to this pur- 
pofe, fuch as the caflava. 

In the northern climrtes, the lichens form almofl the whole 
of the food of man, and fuch animals as are not carnivorous: 
and thefe lichens, according to the experiments of the Aca- 
demy of Stockholm, afford an excellent flarch by fimple 
grinding. The rein-deer, the flags, and the other fallow 
cattle of the north of Europe, fubfift on the lichen rangi- 
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ierinus. The Icelanders obtain a very delicate gruel with, 
fecula of the lichen Icelandicus. 

2. Starch boiled in water, and coloured with a fmall 
quantity of azure, forms a parte which is ufed to give bright- 
nefs, firmnefs, ftrength, and an agreeable colour, to linen. 

3. The feculse are alfo ufed to make hair powder ; and 
this confumption, which is prodigious, might be fupplied 
by (larch made from lefs valuable plants than the gramine- 
ous ; and, if this were done, the objects of luxury would 
not enter into competition with our molt immediate wants. 

ARTICLE VII. 

Concerning the Vegetable Gluten. 

The glutinous principle, which, on account of its pro- 
perties refembiing thofe of animal fubftances, has been 
called the Vegeto- Animal Subrtance by fome chemifts, is 
more particularly obtained from gramineous vegetables. 
We are indebted to Beccari for the difcovery of this fub- 
ftance ; and the analyfis of farinaceous fubftances has fince 
been enriched with various important facTs. 

To make the analyfis of any farina, the methods employed 
are fuch as are fimple, and incapable of decompofing or al- 
tering any of its conftituent parts. A parte is formed with 
the flour and water ; and this is kneaded and wrought in the 
hands under water, til! it no longer communicates any colour 
to that fluid. The fubrtance which then remains in the hand 
is tenacious, duclile, and very elartic ; and becomes more 
and more adhefive, in proportion as the water which it had 
imbibed flies off by evaporation. In this fame operation the 
fecula falls to the bottom of the water ; while the extractive 
matter remains in folution, and may be concentrated by 
evaporation of the fluid. 

If the glutinous matter be rtretched out, and then let go, 
it returns by fpontaneous contraction to its original form. If 
it be left fufpended, it becomes extended by its weight ; 
and forms a very thin tranfparent membrane, which exhi- 
bits a kind of net work, refembiing the texture of the mem- 
branes of animals. 

M. Beccari has obferved that the proportion of glutinous 
matter varies prodigioufly in the feveral feeds of gramineous 
veg etables. Thofe of wheat contain the largeit quantity ; 



492 Vegetable G/ufen, 

but he never found it in the garden (tuff or plants which arc 
ufed by us for food. The quantity of glutinous matter alio 
varies in the fame kind of grain, according to the nature of 
the foil which has fupported it. Humid fituations afford 
fcarcely any. 

The glutinous matter emits a very chara&eriftic animal 
fmell. Its tafte is infipid; it fwells up upon hot coals; becomes 
foon and perfectly dry in a dry air, or by a gentle heat ; in 
which date it refembles glue, and breaks fhort like that 
fubftance. If in this flare it be placed on burning coals, it 
curls up, is agitated, and burns like an animal fubflance. 
By dillillation it affords the carbonate of ammoniac. 

Frefh-made gluten, expofed to the air, readily putrifies ; 
and when it has retained a fmall quantity of flarch, this laft 
paffes to the acid fermentation, and retards the putrefaction 
of the gluten : and in this way a (fate is produced refembling 
that of cheefe. 

Water does not attack the glutinous part. If it be boiled 
with this fluid, it lofes its extenfibility and adhefive quality ; 
a circumltance fo much the more remarkable, as it was in-, 
debted to that fluid for the development of thefe qualities ; 
for this principle exifted without cohefion in the flour ; and 
when it is deprived of water by drying, it alfo lofes its eiaf- 
ticity and glutinous quality. 

Alkalis diffo've it, by the affiflance of a boiling heat. The 
folution is turbid ; and depofits the gluten by the addition 
of acids, but deprived of its elaflicity. 

The nitric acid diffolves gluten with activity ; and this 
acid at firft emits the nitrogenous gas, as when treated with 
animal fubitances. This is followed by an eraiflion of nitrous 
gas ; and the refidue, by evaporation, affords the oxalic 
acid in cryftals. 

The Sulphuric and muriatic acids likewife diffolve it. 
M. Poulletier has obferved, that falts with bafe of ammo- 
niac may be obtained from thefe combinations diffolved in 
r or alcohol, and evaporated in the open air. 

It the gluten be diffolved in the vegetable acids feveral 
times repeatedly, and precipitated by alkalis, it is reitored 
to the ftate of fecula : aud according to Macquer, if vine- 
gar be diftilled by a gentle heat from, this fill it is 
reduced to the ftate of mucilage. 
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This fubftance therefore potteries a very decided animal 
ohara&er. It is to this gluten that wheat owes its property 
of making a good pafte with water, and the facility with 
which it rifes. Rouelle difcovered a glutinous fubftance 
analogous to the prefent in the green fecula of plants, which 
afford ammoniac, and empyreumatic oil, by diftillation. The 
expreffed juice of the herbaceous plants likewife afforded it; 
fuch as that of borage, hemloc, forrel, &c. 

The gluten is fometimes deftroyed by the fermentation 
of flour ; by which change it is deprived of the wholefome 
qualities it before poffeffed, and is incapable of rifing, and 
forming good bread. 

Farina, or flour, is therefore com pofed of three principles 
■—the amylaceous principle, or ftarch ; the faccharine prin- 
ciple ; and the animal or glutinous principle. Whenever 
therefore, by a fuitable divifion, thefe principles are mixed 
together, and the fermentation is affifled by the known me- 
thods, each of thefe principles being capable of a different 
kind of fermentation, becomes depofed in its own peculiar 
manner. The faccharine principle undergoe the fpirituous 
fermentation ; the glutinous fuffers the procefs of animal 
putrefaction j and the amylaceous is changed by the acid 
fermentation. The panary fermentation may therefore be 
coniidered as an union of thefe three different fpontaneous 
dianges. But as foon as the leading phenomena of the fer- 
mentation are well developed ; and the principles, already 
well mixed and affimilated, have by this means fuffered a 
change of their refpeclive natures ; the fermentation is flop- 
ped by baking : and the bread is found to be much lighter 
in confequence of thefe preliminary operations. 

The art of making bread was not known at Rome until 
the year 5 85. The Roman armies, on their return from 
Macedonia ; brought Grecian bakers into Italy. Before this 
time the Romans prepared their flour in no other way than 
by making it into pap or foft pudding; for which reafon 
the Romans, according to Pliny, were called Eaters of 
Pap*. See Aubery. 

* Pulte autem, non pane, vixifTc longo tempore Romanos manifeftum, 
quoniura inde et Pulrtientaria hodieque dicuntur. Plin. Hi' 1 . Nat. lib. 
xviii. cap. viii. e; xi. — The date is 580 ab urbe condita. T. 
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ARTICLE VIII. 

Concerning Sugar. 

Sugar is likewife a conftituent part of vegetables, exifting 
in confiderable quantities in a number of plants. It is afforded 
by the maple, the birch, wheat, and turkey corn. Mar- 
graff obtained it from the roots of beet, red beet,fkirret,par- 
fnips, and dried grapes. The procefs of this chemift confided 
in digerting theft; roots, rafped or finely divided, in alcohol. 
This fluid duTolves the fugar ; and leaves the extractive 
matter untouched, which falls to the bottom. 

In Canada the inhabitants extract fugar from the maple 
(acer montanum candidum). At the commencement of 
fpring they heap mow in the evening at the foot of the tree, 
in which they previouily make apertures for the paflage of 
the returning fap. Two hundred pounds of this juice afford 
by evaporation fifteen of a brownifh fugar. The quantity 
prepared annually amounts to fifteen thoufand weight. 

The Indians likewife extract fugar from the pith of the 
bamboo. 

But the fugar which is fo univerfally ufed is afforded by 
the fugar cane (arundo faccharifera) which is raifed in our 
colonies. When this plant is ripe, it is cut down, and 
crufhed by pafling it ,between iron cylinders, placed per- 
pendicularly, and moved by water or animal (Irength. The 
juice which flows out by this ftroug preflure is received in a 
fhallow trough placed beneath the cylinder. This juice is 
called vefou ; and the cane, after having undergone this 
preflure, is called kega/e*. The juice is more or lefs fac- 
charine,^ according to the nature of the foil on which the 
cane has grown, and the weather that has predominated 
during its growth. It is aqueous when the foil or the wea- 
ther has been humid ; and in contrary circumilances it is 
thick and glutinous. 

The juice of the cane is conveyed into boilers, where it is 
boiled with wood afhes and lime. It is fubjefted to the fame 
operation in three feveral boilers, care being taken to re- 
move the fkum as it riles. In this {late it is called Syrup ; 

* Thefe are the names in the French fugar colonies. I do not find 
the correfponding terms in any of our writers. T. 
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and is again boiled with lime and alum till it is fufficjently 
concentrated, when it is poured into a vefTel called the Cooler. 
In this vefTel it is agitated with wooden ftirrers, which breajc 
the crufl as it forms on the furface. It is afterwards poured 
into cafks, to accelerate its cooling ; and, while it is ft ill 
warm, it is conveyed into barrels (landing upright over a 
ciflern, and pierced through their bottom witn feveral holes 
flopped with cane. The fyrup which is not condenfed fil- 
ters through thefe canes into the cittern beneath; and 
leaves the fugar in the flare called Coarfe Sugar, or Muf- 
covado. This fugar is yellow and fat, and is purified in 
the iflarids in the following manner : — The fyrup is boiled, 
and poured into conical earthen vefTels, having a fmall per- 
foration at the apex, which is kept clofed. Each cone, rc- 
verfed on its apex, is fupported in another earthen vefTel. 
The fyrup is ftjrred together, and then left to crytlallize. 
At the end o^ fifteen or fixteen hours, the hole in the point 
of each cone is opened, that the impure fyrup may run out. 
The bafe of thefe fugar loaves is then taken out, and while 
pulverized fugar fubflituted in its {lead ; which being 
well prefTed down, the whole is covered with clay, mohlen- 
ed with water. This water filters through the mafs, carry- 
ing the fyrup with it which was mixed with the fugar, but 
which by this management flows into a pot fubflituted in 
the place of the firfl. This fecond fluid is called Fine Syrup. 
Care is taken to moiflen and keep the clay to a proper de- 
gree of foftnefs, as it becomes dry. The fugar loaves are 
afterwards taken out, and dried in a flove for eight or ten 
days ; after which they are pulverized, packed and exported 
to Europe, where they are flill farther purified. 

The operation of our fugar refiners confills in difTolying 
calTonade, or clayed fugar, in lime water. Bullocks blood 
is added, to promote the clarifying ; and when tl 
begins to boil, the heat is diminifhed, and the fku'm c; 
fully taken off. It is in the next place concentrated by a brill: 
heat ; and, as it boils up, a fmall quantity of butter is 
thrown in, to modefa ;itation. When the boiling is 

iently efilxted, the fire is put out ; the liquor is po 
into moulds, and agitated, to mix the fyrup together with 
the grain fugar already formed. When the whole is cold, 

< Z 
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the moulds arc opened, the loaves are ebveted with moiftcncd 
day, which is renewed from time to time till the fuaar is 
well cleared from its fyrup. The loaves being then taken 
cut of the moulds, are carried to a Move, where they are 
gradually heated to the fiftieth degree of Reaumur. They 
remain in this ilove eight days, after which they are wrap- 
ped in blue paper for lale. 

The feveral fyrups, treated by the fame methods, afford 
jagafs of inferior qualities ; and the lad portion, which no 
longer affords any crydals, is fold by the name of Melaffes. 
The Spaniards ule this melaiTes in the preparation of fv, 
meats. 

A folution of fugar, much lefs concentrated than that we 
have juft been fpeaking of, lets fall by repofe cryftals which 
affeel: the form of tetrahcdral prifms, terminated by dihedral 
iummits, and known by the name of Sugar Candy. 

Sugar is very foluble in water; it fvvells up in the fire, 
becomes black, and emits a peculiar fmell, known by the 
denomination of the fmell of caromel. 

Sugar is very much ufed for demeftic purpofes. It con- 
ilitutes the bafis of fyrups ; and is ufed at our tables to dif- 
guife the four tafte of fruit and vegetable juices. It corrects 
the bittcrnefs of coffee ; and ferves as the vehicle in a great 
number of pharmaceutical preparations. 

Sugar is an excellent food ; and it is merely an old preju- 
dice to fuppofe it produces worms in the bowels of children. 

It is : now feveral years fmce the celebrated Bergmarm 
taught us to extract a peculiar acid from fugar, by combi- 
ning the cxigene of the nitric acid with one of its condiment 
principles. The difecvery of the acid of fugar was confgned 
in a thefis maintained at Upfal, the 13th of June 1776, by 
M. Arvidfon, under the prefidency of Bergmann. 

To riiakc the acid of fugar, or oxalic acid, nine parts of 

Itric acid, with one of fugar, are put into a retort. A 

. applied, to afliit thea£tion of the acid ; which 

rompbTed upon the fugar, with the difengnge- 

rnent of a ecnudcrable quantity of nitrous gas. When the 

dscc :c ] 5 the diilillation is continued on 

a fa'n'd Bttfh'j till ihercildue is fufHciently concentrated. It 

is then fuflfered to cool ; and beautiful cryftals are formed, 

which may 1. cmr; and have tl e cf a tetra- 
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al prifin terminating in a dihedral fammit. By a farther 
concentration of the liquor in which the acid has cryftallized, 
more of thefe cryftals may be obtained. Thefe feveral pro- 
duels of cryftals are then to be dhTolved in pure water, and 
again cryftallized, to ieparate them from any admixture of 
nitric acid that may adhere to them. This acid was formerly 
thought to be a modification of the nitric acid ; and Berg- 
mann was under the neceility of entering into a confiderable 
detail of reafoning, to remove every doubt on the fubjech 
But the knowledge we at prefent pofTefc refpecting the con- 
ftituent principles of the nitric acid, and the great number 
of phenomena of this kind which it exhibits when made to 
act. on various fubftances, render it unnecessary for us to 
enter into this confederation. 

Cold water diffolves half its weight of this acid, and boil- 
ing water takes up its own weight. 

This acid, combined with pot-am, forms a fait in prif- 
matic hexahedral flattened rhomboidal cryftals, terminating 
in dihedral fummits. In order that cryftallization may take 
place, it is neceffary that one of the component parts fhouki 
be in excels. This fait is very foluble in water. 

The fame acid forms with foda a fait which is very dif- 
ficult to be brought to cryftallize, and which converts 
fyrup of violets to a green. 

This acid, poured upon ammoniac, affords by a flight 
evaporation very beautiful tetrahedral prifmatic cryftals, ter- 
minating in dihedral fummits ; one of whofe faces is larger 
than the other, fo that it occupies three angles of the ex- 
tremity. See my Memoirs of Chemiftry. — This fait is of 
great life in the analyfis of mineral waters. It inftantly 
ihews the prefence of any fait with bafis of lime, becaufe 
the oxalate of lime is infoluble in water. 

The acid of fugar, or oxalic acid, attacks and diffolves 
mod of the metals : but its action upon the oxides is ftronger 
than upon the metals themfelves ; and it takes the oxides 
from their true folvents. In this way it is that it precipitatesthe 
iron from afolution of thefulphate of iron, in afuhftance of the 
mod beautiful yellow colour, which may be ufed in painting. 

It precipitates copper in the form of a white powder, 
which becomes of a beautiful ligfyt green by drying. 

Zinc is precipitated of a white colour. 
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This acid likewife precipitates mercury and filver, but 
not till after feveral hours (landing. 

An account of the combinations of this acid with various 
bafes may be feen in Bergmann's treatife. 

This acid may be extra£red, by the action of nitric acid, 
from a number of vegetable fubftances, fuch as gums, honey, 
(larch, gluten, or alcohol ; and from feveral animal fub- 
ftances, according to the difcovery of M. Bcrtholict, inch 
as fi'k, wool, and lymph. 

M. de Morveau, who has made a very valuable feries of 
experiments on the acid of fugar, has proved that the whole 
of the fugar does not enter into the formation of the acid, but 
only one of its principles ; and he affirms that it is an at- 
tenuated oil which exifls in a variety of fubfiances. 

Since it has been afcertained, from the experiments of 
Scheele, Weftrumb, Hermftadt, and others, that the acid 
of the fait of forrel does not at all differ from that of fugar, 
they have been accordingly confounded under the fame deno-^ 
mination ; and that fait which is known in commerce by the 
name of Salt of Sorrel, is an acidulous oxalate of pot-afh. 

The fait of forrel is made in Switzerland, in the Hartz, 
in the forefts of Thuringia, in Swabia, and elfewhere. It 
is extracted from the juice of the forrel called Allelup. 
Juncker, Boerhaave, Margraff, and others, have defiribed 
the procefs ufed for its extraction. The juice of forrel is 
expreffed, diluted with water, filtered, and evaporated to 
the confidence of cream. It is then covered with oil, to 
prevent its fermentation, and left in a cellar for fix months. 

According to M. Savary, fifty pounds of this plant afford 
five and twenty of juice, from which no more than two 
ounces and a half of the Lilt are obtained. Six parts of 
boiling water diffolve one of the fait. It appears to cryftal- 
lize in parallelopipedons, according to De Lille. 

Margraff obferved that the nitric acid, digelted upon fait 
of forrel, afforded nitre. 

Calcareous earth has the property of difengagjng the alkaK; 
and in this operation the carbonic acid of the chalk unites 
with the alkali of the fait and forms a carbonate of pot-alb; 

Salt of forrel unites with other bafes without yielding its 
ownj fo that the rcfults are triple falts. See the Encyclo- 
pedic Metiiodique, torn. i. p. 200, 201. 
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The pure oxalic acid may be obtained by diftillation of 
this fait, as Mr. Savary informs us ; or otherwife by de- 
priving it of its alkali by means of fulphuric acid, and diftil- 
lation, according to Wiegleb's method : or otherwife by 
the procefs of S.heele, which confifts in faturating the 
excefs of acid with ammoniac, and pouring the nitrate of 
barytes into the folution. The nitric acid then feizes the 
two alkalis, while the oxalic acid unites with the barytes, 
and falls down. The barytes is afterwards taken from its 
combination by the fulphuric acid, and leaves the oxalic 
acid difengaged. 

Scheele has likewife propofed another method of obtain- 
ing the pure oxalic acid. It confifts in diilolving the fait in 
water, and pouring in a folution of fait of faturn. A pre- 
cipitate is formed ; and the fupernatant liquor contains the 
alkali of the fait of forrel, united with a portion of the vine- 
gar. The precipitate is then wafhed, aud fulphuric acid 
poured on, which unites with the lead : and, by filtering 
and evaporating, the oxalic acid is obtained in cryftals, 
iimilar to thofe of the acid of fugar. 

Scheele has proved the identity of the acid of fait of for- 
rel with that which is extracted from fugar. He diffolved 
the acid of fugar to faturation in cold water, and into this 
he very gradually poured a well-faturated folution of pot- 
afh. During the effervefcence, he obferved that fmali 
tranfparent cryftals were formed, which were found to be 
a true fait of forrel. 

Mr. Hoffman has proved that the juice and the cryftals 
of the berbenis vulgaris contain the oxalic acid combined 
with pot-afh. And the celebrated Scheele has proved that 
the earth of rhubarb is a combination of the oxalic acid with 

lime. 

ARTICLE TX. 

Concerning the Vegetable Acids. 

The vegetable acids have been long confidered jto be 
Weaker than the others ; and this opinion was adhered to 
until it was obferved that the oxalic acid feized lime from 
the fulphuric acid. The principal character which may ferve 
to eftablifti a line of diftinclion between the vegetable acids 
and others are — i. Their volatility; for there are none 
which do not rife with a moderate heat. 2. Their property 



5 oo Experiments and Obfsr-vations 

of leaving a coaly refidue after combuflion, and of emitting 
an empyreumatic fmell in burning. 3. The nature of their 
acidifiable bafe, which is in general oily. 

But are all the vegetable acids identical in their nature ? 
And may they not be confidered as modifications of one and 
the fame acids ? 

If we depend on the principle laid down by the celebrated 
Monro, who confiders no acids as identical but fuch as form 
exactly the fame falts with the fame bafe (Phil. Tranf. vol. 
lvii. p. 479J, there will be no queftion but that all the 
known acids ought to be confidered as very different from 
each other. But this method of proceeding appears to me 
to be erroneous ; becaufe in this cafe the various degrees 
of faturation of the fame principle with oxigene, would 
eftablifh various kinds of acids. The flow or the rapid com- 
buflion of phofphorus caufes fufficient modifications in the 
acid to afford different phofphoric falts, according to the 
Experiments of Meff. Sage and Lavoifier. But ought we 
on this account to admit of two fpecies of phofphoric acid ? 
By following the method of Monro, which is that of mod 
chemifts, we might multiply the vegetable acids to infinity ; 
but by collating the experiments of Hermftadt, Crellj 
Scheele, Weftrumb, Berthollet Lavoifier, &c. we may 
obferve that the vegetable acids are merely modifications of 
one or two primitive acids. 

1. Scheele obtained vinegar by treating fugar and gum 
with manganefe and the nitric acid. Fie obferved that tartar 
had the fame effect, or habitude as fugar in the folution of 
manganefe by the nitric acids ; and that vinegar was found 
after the decompofition of ether. 

2. Mr. Crell, by boiling the refidue of nitric alcohol (dul- 
cified fpirit of nitre) with much nitric acid, taking care to 
adapt veffels to condenfe the vapour, and faturating what 
came over with alkali, obtained nitrate and the acetate of 
ppt-afh. The latter being feparated by alcohol, gives out 
its vinegar by the ufual treatment. 

3. The fame chemift,, by boiling the pure oxalic acid 
with twelve or fourteen parts of nitric acid, obferved that 
the former difappears j and the receiver is found to con- 
tain nitrous acid, acetous acid, carbonic acid, and nitro- 
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genous gas ; and in the retort there remains a little calcare- 
ous earth*. 

4. By faturating the refidue of nitric alcohol with chalk, 
an infoluble fait is obtained ; which, treated with the ful- 
phuric acid affords a true tartareous acid. 

5. By boiling one part of oxalic acid with one part and a 
half of manganefe, and a fufficient quantity of nitric acid, 
the manganefe is almoft totally diffolved, and vinegar with 
nitrous acid pafs into the receiver. 

6. By boiling tartareous acid and manganefe with the 
'fulphuric acid, the manganefe is diffolved, and vinegar with 

fulphuric acid are obtained. 

7. By digefting for feveral months the tartareous acid and 
alcohol, the whole becomes changed into vinegar ; and the 
air of the veffels is found to confifl of carbonic acid and 
nitrogene gas. 

From thefe fa&s Crell concludes that the tartareous, ox- 
alic, and acetous acids, are merely modifications of the 
fame acid. 

In the Journal de Phyfiqne for September 1787, is in- 
ferted a memoir of M. Hermfhdt on the converfion of the 
oxalic and tartareous acids into acetous acid. 

1. By caufmg the oxigenated muriatic acid to pafs through 
very pure alcohol, ether is produced ; and the oxigenated 
acid refumes its character of ordinary muriatic acid. The 
ether by diftillation affords — 1. Ether. 1. Muriatic alcohol. 
3. Vinegar mixed with regenerated muriatic acid. 

2. Nitric acid diftilled, for feveral fucceffive times, from 
the oxalic and tartareous acids, converts them totally into 
acetous acid. 

• 3. Two parts of oxalic acid, three of fulphuric acid, and 
four of manganefe, mixed with one part and a half of water, 
and diitiiled°togerher, afford acetous acid, which requires 
to be recohobated and rediftilled to become very pure. 

4. If the fulphuric acid be boiled upon the oxalic or the 
tartareous acid, thefe two lad are not deftroyed, as Berg- 
mann thought, but they are converted into acetous acid. 

* There being an obvious overlight in the author's paragraph, I have 
1 the liberty to reftore the pafi'age from Crell's original. Journal de 
Oft. 1785, quoted by Dr. Becldoes at the end of the Englifa 
TranHation of Scheele'a EiTays. London, 1789. T, 
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It is proved, by the experiments of M. Hermftadt, that the 
fulphnreous acid in the receiver, when ether is made, is mix- 
ed with much acetous acid. 

It appears therefore to be proved that the tartareous, 
oxalic, and acetous acids differ from each other only in the pro- 
portion of oxigene. — In the above experiments the mineral 
acids are always decompofed; and, by faturating the radi- 
cal with their oxigene, they constantly form the acetous 
acid. If the faturation be not exacl, the remit is either 
oxalic or tartareous acid ; which is (till more proved by a 
fine experiment of M. Hermftadt. If three parts of fuming 
nitric acid be put into the pneumatic apparatus, and a large 
jar be adapted, filled with water; if then one part of good 
alcohol be poured in, by a little at a time, the mixture will 
be heated every time a drop of the alcohol is let rail, and a 
great quantity of bubbles will rife into the receiver. When 
the operation is ended, if care be taken to collect the gas, 
it will be found to conlift of nitrous gas, a ("mall quantity of 
carbonic acid, and about a twelfth part of the acetous air of 
Prieftley. The refidue affords oxalic acid and acetous acid. 
The oxalic acid difappears if the operation be continued; 
ether is formed; and the acetous acid remains, and becomes 
more in quantity. 

■ Mr. Hermftadt has likewife fucceeded in converting the 
acids of tamarinds, of citrons, of marc of grapes, the juice 
of plums, apples, pears, goofeberries, berberries, forrcl, and 
others, into the oxalic, tartareous, and acetous acids. 

From all thefe experiments it appears, that the oxigene, 
combined with a principle of alcohol, forms the oxalic acid ; 
and that a more accurate faturation of this principle with 
oxigene forms the tartareous and acetous acids. 

M. Lavoifier has proved that the known vegetable ac;i!s 
do not differ from each other but in the proportion of hy- 
drogene and carbone, and in their degree of oxigenation. 

I have proved (in the Memoirs of the Academy of Sci- 
ences of Paris for the year 1786) that water impregnated 
with the gas difengaged from the juice of grapes in fermen- 
tation, paffes the (late of acetous acid. 

It appears that the vegetable acids may 1 dere<J in 

two very different points of view. Mod of iff in the 
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plant kfelf ; but the properties and acid characters are dif- 
.guifed by their combination with other principles, fuch as 
oils, earths, alkalis, &c. On the other hand, f'rveral acids 
are extracted from vegetables, which did not exifl in nature. 
In this cale the plant contained only the radical, and the 
reagent with which it is treated affords the oxigene. 

le mere diftiJlation of raofl vegetables is fuillcient to 
develope an acid, which was difguifed by oily, alkaline, or 
earthy fubftances. 

i* The peculiar acid called the Pyro-mu:ilaginous acid, 
is afforded by diiiiiiation by all plants which contain a 
faccharine juice. 

For the preparation of this acid, the quantity of fugar 
intended to be operated upon is put into a very capacious 
retort (the large fize being requifite, becaufe the matter 
fweils up), and a receiver fufHciently ample to condenfe the 
vapour is adapted. An aftonifhing quantity of carbonic 
acid and hydrogene gas are difengaged by the firfl impref- 
fion of the fire. A brown fluid remains in the receiver, 
mod of which confifls of a weak acid, colouring blue paper, 
and rendered dark by a portion of oil. The retort contains 
a fpongy coal. M. Schrickel advifes the rectification of the 
produft of the firfl diftillation from clay, in order to purify 
.the acid : but M. de Morveau has rediililled it without in- 
termedium ; and the acid he obtained had only a flight 
yellow tinge. Its fpecifk gravity was 1,0115, the thermo- 
meter (landing at twenty degrees. 

As this acid rifes at the fame temperature as water, it is 
not pofiible to concentrate it by di Puliation. But this purpofe 
may be effected by freezing ; and in this manner it was that 
in. Schrickel prepared the acid he made life of to afcertain 
its combinations. 

This acid exifls in all bodies capable of palling to the fpi- 
rituous fermentation, while they contain only the radical of 
the oxalic acid. The pyromucilaginous acid is combined in 
the vegetable with oils in the faponaceous (late. 

This concentrated acid has a very penetrating tafle. It 
fcrcngly reddens blue colours. If it be expofed to heat in 
open veflels, it is diflipated, and leaves only a brown fpot. 
If it be heated in clofed veiTels, it leaves a-more confiderabie 
refidue, of the nature of the coal of fugar. 

4 A 
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This acid fpcedily attacks the earthy and alkaline car- 
bonates, and forms falts differing from the oxalates. Ac- 
cording to Mr. Schricke!, it diffolves gold. He affirms that 
he made the experiment in the prefence of Fred. Aug. Car- 
theufer. Lemery had afferted that the fpirit of honey pof- 
felTed this property ; and this opinion is likewife fupported in 
the works of Depre, Etmuller, &c. Neumann oppofed the 
affertion ; and the experiments of M. de Morveau confirm 
thofe of this lad chemift. 

Silver is not attacked by the pyromucilaginous acid ; but 
mercury combines with it by virtue of a long digeftion. 
Confult De Morveau. 

This acid corrodes lead, and forms a very ftyptic fait in 
long cryflals. With copper it forms a green folution. It 
partly diffolves tin, and affords green cryflals with iron. 

2. The denomination of the Pyroligneous Acid has been 
given to the acid obtained by diftillation from wood. It has 
been long known that the harden: woods afford an acid prin- 
ciple, mixed with an oil, which partly difguifes its pro- 
perties ; but no one had directly attended to a determina- 
tion of the habitudes of this acid, till M. Goettling pub- 
lished, in Crell's Annals for 1779, a feries of refearches 
on the acid of wood, and the ether it affords. 

M. de Morveau, to obtain this acid, diltilled fmall pieces 
of very dry beach in an iron retort, by a reverberatory 
furnace. He changes the receiver when the oil begins to 
rife, and rectifies his product by a fecond difiillation. Fifty- 
five cunces of very dry chips afforded feventeen ounces of 
rectified acid, of an amber colour, not at all empyreumatic; 
whofe fpecific gravity, compared with that of diltilled water, 
was as 49 : 48. 

This acid ftrongly reddens blue vegetable colours. One 
ounce required twenty-three ounces and a half of lime water 
for its complete faturation. 

It fupports the action of heat very well when it is engaged 
in an alkaline bafe; but by a flrong heat it is burned, like 
all the vegetable acids. 

It does not precipitate martial folutions of a black colour. 

It unites with alkalis, earths, and metals. It does not 
give up lime or barytes to combine with cauftic alkalis. 
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The a&ion of the pyroligneous acid upon metallic fub- 
ftances, and upon alumine, may be compared with that of 
the acetous acid, and appears to follow the fame order. 

Ihis acid diffblves near twice its weight of the oxide of 
lead; 

3. The citric acid. Lemon juice is in a difengagcd (late 
in the fruit, and exhibits its acid properties without any 
preparation. This acid is neverthelefs always mixed with a 
mucilaginous principle, capable of altering by fermentation. 
Mr. Georgius has defcribed, in the Memoirs of Stockholm 
for the year 1774, a method oi purifying this acid without 
changing its properties. He fills a bottle with lemon juice, 
cloies it with a cork, and preferves it in a cellar. The acid was 
prefervedfor four years, without corrupting. The mucila- 
ginous parts had fallen down in flocks ; and a folid afufl: was 
formed beneath the cork, the acid dtfelf having become as 
limpid as water. To dephlegmate the acid, he expofes it 
to froft ; and obferves that the temperature ought not to be 
too cold, becaufe in that cafe the whole would become folid ; 
and though the acid would thaw the firft, it would always 
be productive of fome inconvenience. In order to concen- 
trate it to better advantage, the ice mud be feparated as it 
forms. The firft ice is taftelefs, and the laft is rather four ; 
and by this means the liquor is reduced to half. The acid 
thus concentrated is eight times as ftrong, two gros only 
being required to faturate one gros of pot-am. 

The citric acid, when thus purified and concentrated, 
may be kept for feveral years in a bottle ; and ferves for all 
ufes, not excepting that of making lemonade. 

The chemifts in general who have examined the combina- 
tions of the citric acid, have ufed it in its original ftatc, 
embarraffed with its mucilaginous principle. Such is the 
refult of the experiments of M. Wenzel, who obtained only 
gummy products. But M. de Morveau having faturated the 
purified acid with cryftals of pot-am, found a non-dcliquef- 
cent fait at the end of a certain time. 

The combinations of this acid arc littk known. 

4. The malic acid. — This acid was announced by Scheele 
in 1785, and pubiifhedin Crell's Annals. In order to obtain 
it, the juice of apples is faturated with alkali, and the acetous 
foluiion of lead is poured in until it occafions no more pre- 
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cipitate. The precipitate is then edulcorated, and fulphuric 
acid poured on it until the liquor has acquired a frefhacid 
lade, without any mixture of iweetnefs. The whole is then 
filtered, to feparate the fulphate of lead. This acid is very- 
pure, always in the fluid ftate, and cannot be rendered 
concrete. 

It unites with the three alkalis, and forms deliquefcent 
neutral falts. When faturated with lime, it affords fmall 
irregular crj ftals, which are foluble only in boiling water. 
Its habitude with barytes is the fame as with lime. 

With aiumine it forms a neutral fait of fparing folubility 
in water, and with magnefia a deliquefcent fait. 

It differs from the citric acid — i. Becaufe the citric acid 
faturated with lime, and precipitated by the fulphuric acid, 
cry(td;:zc3 ; whereas this is not cryftallizable. 2. The malic 
acid, treated with the nitric acid, affords the oxalic acid ; 
tl e citric does not afford it. 3. The citrate of lime is almoif. 
infoluble in boiling water ; the maiate of lime is more folu- 
ble. 4. The malic acid precipitates the folutions of the 
nitrates of lead, of mercury, and ofnlver'; but the citric 
acid produces no change. 5. If the folutions of the nitrate 
of ammoniac, and maiate of lime, be boiled together for an 
anftant, the latter fait is decompofed, and nitrate of lime 
fall which proves that the affinity of the malic acid 

with 1;;: r than that of the nitric. 

cheele, who has rendered us acquainted 
cid, has publifhed the following table of the 
frui<s v. liich ajGFord this acid, either pure or mixed with 
oilier acids. 

The exprefled juices of the fruits of 

T.c.y . . vy tree, "] 

j Afford much malic acid, ai-d 
Prunus Sloe; |> little or none of the citric 

Service, acid. 

Pru C a. den pbim, J 

Ribcs grcffularia, the Hairy Goofeberry, * 
Ril - : Cun tnt, 

Vacciniurn mirtellus, Whortleberry, 
Crataegus aria, Common Lotus, 
Prunus Cerafus, Chewy, 
Fragaria vefca, Strawberry 
Rubus chamcmcriis, Bilberry, 

iu5 iiwus, Raipberry, # i 



Appear to contain half of the 
one and half of the other., 
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Vaccinium oxycacos, Marfhwhortle, "J 

Vaccinium Vitis Idaca, 

Piunus padus, Bird's Cherry, I Contains much citric, and lit- 

Solanum dulcamara, J tie or none of the malic acid. 

Clynofbatos, Eglantine, 

Citrus, Citron or Lemon, j 

According to the fame chemift, the juice of green grapes, 
as ■well as that of tamarinds, contains only the acid of 
citrons. 

Scheele has likewife proved the exiftence of the malic 
acid in fugar. If weak nitric acid be poured on fugar, and 
diftilled till the mixture begins to turn brown, all the ox- 
alic acid may be precipitated by the addition of lime-water ; 
•and another acid will remain, which the lime-water does 
not precipitate. To obtain this acid in a ftate of purity, the 
liquor is faturated by means of chalk, then filtered, and al- 
cohol added, which occafions a coagulation. This coagu- 
lation, well waflied in alcohol, is redilfolved in diftilled water. 
The malate of lime is decompofed by the acetate of lead ; 
and, laft of all, the malic acid is difengaged by the fulphu- 
ric acid. The alcohol by evaporation leaves a fubftance 
rather bitter than fweet, which is deliquefcent, and refers 
bles the faponaceous matter of lemon juice. If a fmall quan- 
tity of nitric acid be diftilled from this, the malic and oxalic 
acids are obtained. 

By treating various other fubftances with the nitric acid, 
the malic and oxalic acids are likewife obtained. Such arc 
gum arabic, manna, fugar of milk, gum adragant, ftarch, 
and the fecula of potatoes. The extract of nut-galls, the 
oil of parfley feed, the aqueous extract of aloes, of coloquin- 
tida, of rhubarb, of opium, afforded not only the two acids 
to Mr. Scheele, but likewife much refin. 

This celebrated chemift, by treating feveral animal fub- 
ftances with very concentrated nitric acid, obtained the 
malic and the oxalic acids from them. Fifh glue, or ifinglafs, 
white of egg, yolk of egg, and blood, treated in the fame 
manner, afforded the fame products. 

There are few vegetables which do not exhibit fome acid 
more or lefs developed. We fee, for example, all fruits, 
infipid at firft, become infenf>ly acid ; and fmifti by lofing 
that tafte, and become faccharine. There are fome which 
conftantiy prefer ve an acid tafte, and form a particular clafs. 
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Some plants contain an acid principle difFufed through 
the whole parenchyma or bod)'' of the vegetable. Such ?re 
the yellow gilly-flower, bardana or waterdock, filipendiila 
or dropwort, water creffes, the herb robert, &c. Thefc 
plants fenfibly redden blue paper. 

There are others in which the acid principle exifls only 
in part of the plant ; as, for example, in the leaves of the 
greater valerian, the fruit of the winter cherry and of the 
cornel tree, the bark of burdock, and the root of ariflolochia' 
or birthwort. 

Mr. Monro communicated fome experiments to the Royal 
Society of London, in 1767, which prove that certain 
vegetables contain acids nearly in a difengaged flate,and evca 
fuch as are the leafl promifing on a flight examination. 

1. Having peeled two dozen of fummer apples, and cut 
them into fmall pieces, he poured water upon them, in 
which he had previoufly diffolved two ounces of foda, and 
left the whole to (land for fix days. The filtrated liquor, 
evaporated, and left in repofe for fix days more, afforded 
a beautiful fait, in fmall round tranfparent plates, placed 
edgewife on each other. 

2. The juice of mulberries clarified with the white of 
egg, and faturated with foda, afforded a pulverulent fait of 
no regular figure ; which by repeated folutions and evapora- 
tions, at laft produced long cryflals, one kind being thin, 
and the other thicker, which crofTed each other. 

3. He obtained fmall cubical or rhomboidal cryflals by 
treating peaches and oranges with foda. 

4. The green plum afforded, after feveral folutions and 
crystallizations, a neutral fait, which cryflallized without 
evaporation in large hexagonal plates, and partly in large 
rbombi. This fait had a hot tafle, and was foluble in three 
or four times its weight of cold water. 

5. The red goofeberry afforded,, by evaporation and 
cooling, fmall very hard rhomboidal cryflals, not change- 
able in the air ; whofe tafle refembled that of the fait pro- 
duced by a combination of the citric acid with the fame bare, 

The green goofeberry produced a faline crufl formed of 
fmall rhomboidal cryflals, and covered with their brilliant 
fcales. 
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6. The green grape afforded Mr. Mrinro, by repeated 
folutions, a neutral fait, in fmall cubical cryftals, of arhom- 
boidal or parallelogramic figure, lying upon and interfer- 
ing each other. 

The juice of hemloc afforded M. Baume a fait in fmall 
irregular cryftals, nearly taftelefs, but reddening the infu- 
fion of turnfole. 

6. M. Rinman, in his Hiftory of Iron, places the fcrb- 
apple and iloe among the fubftances capable of corroding 
and cleanfing the furface of this metal, on account of their 
acid. 

When, by the decompofition of certain vegetables Ly the 
nitric acid, an acid was obtained as the lait refult, it was 
thought to have exiited ready formed in the vegetable ; but 
a more intimate examination (hewed that the acid made ufe 
of in this operation was merely decompofed, while it deftroy- 
cd the organization of the vegetable, difunited the combina- 
tions which retained the principles, and that the oxigenous 
bafe of this acid, by uniting with an element of the vege- 
table, formed a particular acid. This truth is deduced from 
the combined proceffes of M. Lavoifier, De Morveau, &c. 

It is to a fimilar caufe that we ought to attribute the for- 
mation of the acetous, the carbonic, and other vegetable 
acids ; and even the rancidity of oils, and the alteration to 
which fome other principles of the vegetable kingdom are 
fubject. In thefe cafes the air affords the oxigene which 
becomes fixed in the plant, and gives it an acid nature. 

The oxalic acid does not exift ready formed in fugar, 
neither is the camphoric acid ready formed in camphor. 
The fame may be obferved of feveral other acids which are 
extracted by means of certain acids decompofed by being- 
treated with vegetable fubftances. We (hall fpeak of thefe 
acids when we come to treat of their radical principles. 

ARTICLE X. 

Concerning Alkalis. 

Alkali exifts ready formed in plants. Duhamel and GroiTe 
have proved that it might be extracted by means of acids. 
Margraff and Rouelle have added new proofs in fupport of 
the affertions of thefe chemifts. They have obferved, from 
their experiments, that the alkali exiited in a difengaged 
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jfhte in vegetables : but thefe experiments proved at moft 
that their ftate of combination is fdeh that it may be broken 
by the mineral acids. The alkali, in fome inftances, is 
nearly in a difengaged ftate; for it is found in combination 
faith carbonic acid in the helianthus annuus. But the alkali 
of plants is often combined with the oily principle. 

When it is required to extract the alkali from a vegetable 
fnbftance, all the principles with which it may be united, 
are deftroyed by fire ; and it is cleared from the refiuues 
of the combuftion by Hxiviation. This is the procefs ufed 
to make the impure alkali, called falin, as we have already 
obferved. 

If wood remains a long time under water, it is deprived 
of its property of affording an alkali by combuftion ; becaufc 
the water diffolves the compounds which may contain k. 

Marine plants afford an alkali of another nature, known 
by the name of Soda. Vegetables poffefs the power of de- 
compofing common fea fait, and retaining its alkaline bafe. 
All infipid plants are capable of affording more or lefs of 
foda if they be raifed on the fea coafl j but they perifli there 
in a fhort time. 

Ammoniac is likewife found in plants. The glutinous 
part of gramineous vegetables contain it, and give it out to 
the nitric, muriatic, and other acids, according to M. Poul- 
letier : and nothing more is required than to triturate the 
effential fait of wormwood with fixed alkali, to feparatethe 
volatile. This alkali appears to be one of the principles of 
the tetradynamia, as thefe afford it by fimple diftillation. 

Alkalis likewife exifl in plants in the (late of neutral faits. 
They are combined with the fulphuric acid in old borage 
and in fome aflringent plants. The fulphate of pot-afh ap- 
pears to exiit in almoft ail vegetables, as the pot-afh con- 
tains more or lefs of it ; and the analyfis of tobacco has af- 
forded me a confiderable quantity. 

Tamarifc affords the fulphate of foda in fuch abundance, 
that by extracting it from the afhes of this plant, it can be 
afforded in very beautiful and pure cryftals at thirty livres 
the quintal. 

The greater turnfcie, parietaria, and borage' contain 
nitrate of pot-afh. 
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The muriates of foda and of pot-aih are afforded by 
marine plants. 

We likewife find the alkalis combined with the acids of ve- 
getation, fuch as the oxalic, the tartareous, and other acids. 

It appears that the feveral faks are the produces of the 
vegetation, and peculiar effect of the organization, of ve- 
getables. Two plants which grow in the fame foil, afford 
very different falts ; and each plant confrantly affords the 
fame kind. Befides this, Homberg obfcrved (Mem. Acid. 
Par. 1659) that the fame falts were developed by plants 
\ growing in earths previoufly well wafhed, and afterwards 
Watered with didilled water. 

We may therefore clafs falts among the principles of 
vegetables, and no longer confider them as accidentally 
contained in plants. I do not however deny that the com- 
budion of a plant may not give rife to fome of them, and 
increafe or diminilb the proportions of others. Combudion 
mud form combinations which did not exifl in the plant, 
and dedroy feveral of thofe which exuded before. The 
atmofpheric air employed in this operation mud unite with 
certain principle?, and produce various refults. The nitro- 
gene gas which is precipitated in torrents in the focus of 
combudion, probably combines with fome of the principles 
to form alkalis, and confequently may augment the quan- 
tity of thofe which naturally exid in the plant. 

ARTICLE XI. 
Cop.cerr.bg the Colouring Principles. 

The object of the art of dying confids in depriving one 
body of its colouring principle, to fix it upon another in a 
durable manner ; and the feries of manipulations necelfary 
to produce this effecl, conditutes the art itfeif. This art is 
one of the mod ufeful and wonderful of any we are acquaint- 
ed with; and if there be any one of the arts which is capable 
of infpiring a noble pride, it is this. It not only affords the 
means of imitating nature in the riches and brilliancy of her 
colours ; but it appears to have furpaffed her in givinp- a 
greater degree of brilliancy, fixity, and folidity to the fuga- 
cious and tranfient colours with which die has clothed the 
productions around us. 

4 B 
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The feries of operations which conftitute the art of dy 
ing, are abfolutely dependant en the principles of chemiftry : 
and though it is to accidents, or the very flight combina- 
tion of facts ftiggefted by the comparifon of a few circum- 
ilances, that we are indebted in this part of chemiftry for 
feveral excellent receipts, and fome principles ; yet it is 
not the lefs true, that no confiderable progrefs will ever be 
made, nor any folid foundation eftablifbed, but by analy- 
fijjg the operations, and reducing them to general princi- 
ples, which chemiftry alone can afford. The necefiity of 
eftablifhing proper principles is flill farther evinced by the 
uncertainty and continual trials which prevail in the manu- 
factories. The flighted change in the nature of the fub- 
llances puts the artift to a (land, infomuch that he is incarfl 
pable of himfelf of remedying the defects which arife. 
"Whence follow continual IcfTes, and a difcouraging alterna- 
tion of fuccefs and difappointment. 

The little progrefs which chemiftry has hitherto made in 
the art of dying, depends on feveral caufes, which we (hall 
proceed to explain. 

The firft caufe of this flow progrefs depends on the diffi- 
culty of afcertaining with any degree of certainty the nature, 
properties, and affinities, of the colouring principle. In order 
to extract this principle, we mud be acquainted with the 
nature of its folvent ; we mud know whether the principle 
be in a ftate of purity, or mixed with other parts of the 
vegetable ; whether this colouring matter confift of one prin- 
ciple alone, or is formed by the union of a number : we 
muft alfo render ourfelves acquainted with its affinities with 
various kinds of (luff; for it is afeertained by experience 
that certain colours adhere very well to wool, though they 
do not alter the whitenefs of cotton. In addition to thefe 
necellary parts of knowledge, it will likewife be required 
to determine its affinity with the mordant, for alum is the 
mordant for fome colours and not others: beiides which, the 
action or effect of other bodies upon the colour when dyed 
muft be afeertained, in order to contrive the means of de- 
fending it from alteration, &c. 

The fecond caufe which has retarded the application of 
chemiftry to dying, is the difficulty the chemift finds, in pro- 
curing opportunities of making experiments in tfc large way. 
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Prejudice, "which reigns defpotically in the dye-houfe, tditds 
to expel the chemifl as a dangerous innovator ; and the 
proverb, that Experience is better than Science, contributes 
to prevent the introduction of improvements into manufac- 
tories. It is very certain that a dyer, confined to the mere 
practical part of his bufmefs, will without controverfy pro- 
duce a better fcarlet than a chemifl: who is acquainted only 
with the principles ; for the fame reafon as a fimple work- 
man in clock making will make a better watch than the moffc 
celebrated mechanic. In thefe cafes we may admit that ex- 
perience is better than fcience; but when it is required to 
refolve any problem, to explain any phenomenon, or to 
difcover fome error in the complicated details of an opera- 
tion, the mere artizan is at the end of his knowledge, is 
totally at a lofs, and would derive the greater!, advantage 
from the affitance of the man of fcience. 

Another caufe of the flow progrefs of chemiftry in the 
art of dying, is, that moil of the works which treat upon 
this art are confined to defcriptions of the proceffes ufed in 
the manufactories. Thefe works, it mufl be admitted, pof- 
fefs their advantages ; but they do not advance the fcience 
of operations a fingle llep. They only exhibit the (ketch 
of a country, without indicating either its relative fituation, 
or the nature of its products. It has indeed been very diffi- 
cult, till lately, to do more than this ; becaufe the gafes, 
which are fo greatly concerned in this part of chemiilry, 
were unknown; becaufe the action of light and of the air, 
which is fo powerful upon colours, was a fact of which 
neither the caufe nor the theory could be known 5 and nunc 
particularly becaufe the falts and combinations of three, 
four and five principles were nor known, though they very 
much tend to render the effects of operations on vegetables 
more complicated. 

In order therefore to make a progrefs in the art of dying, 
we mud ground our reafoning on other principles. I (Jiall 
proceed to fketch out a plan which feems to ine to be adapt- 
ed to this purpofe. We fhall examine — 

1. The manner in which the colours of various bodies 
are developed and formed. 

2. The nature of the combinations of thefe fame colours 
b thefe bodies, a.nd the properefl means of extracting them. ' 
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3. The mofl: advantageous procefTes for applying them. 

1. Colours are all formed in the folar light. The property 
which bodies pofTefs of abforbing fome rays, and refle&ing 
others, forms the various tinges of colours with which they 
are decorated, as is proved from the experiments of Newton. 

From this principle we may confider the art of dying un- 
der two very different points of view. For we may deter- 
mine the colour upon a body either by changing the form 
and difpofition of its pores ; fo that it may acquire the pro- 
perty of reflecting a different kind of rays from thofe which 
it reflected before it was fubjec"red to thefe mechanical ope- 
rations. Thus it is that by trituration we change the colour 
of many bodies ; and to this caufe it is that we muff refer all 
the effe&s dependant on the reflexibility and refrangibi- 
lity of rays. This coloration depends, as we fee, merely 
on the changes produced in the furfaces of bodies, or the 
difpofition of their pores. The phenomena of refrangibility 
depend on the denfity or fpecific gravity of bodies, according 
to Newton and Delaval. 

The other method of caufing a body to exhibit a deter- 
minate colour, confifts in transferring to the furface of the 
body fome other body or fubflance which pofTefTes the pro- 
perty of reflecting this known ray. This is the effect chiefly 
produced by dying. 

But in what manner do the coloured bodies of the three 
kingdoms of nature acquire the property of conftantly re- 
flecting one determinate kind of rays ? This is a very deli- 
cate quedion ; for the elucidation of which I mall bring 
together a few fa<fts. 

It appears that the three colours which are the mofc 
eminently primitive in the arts ; thofe which form all the 
others by their combination, and confequently the buly 
colours to which we need pay attention ; that is to fay, the 
blue, the yellow, and the red — are developed in the bodies 
of the three kingdoms by a greater or lefs abforption of 
oxigene, which combines with the various principles of 
thofe bodies. 

In the mineral kingdom, the firfl impreffion of fire, or 
the firfl degree of calcination, developes a blue colour, fome- 
times interfperfed with yellow, as is obfervable when lead, 
tin, copper, iron, or other metals, are expofed in a ilatc 
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of fufion to the action of the air, to haften their cooling, 
This may be efpecially obferved in fteel plates which are 
coloured blue by heating. 

Metals acquire the property of reflecting the yellow colour 
by combining with a greater quantity of oxigene; and 
accordingly we perceive this colour in moft of them, in 
proportion as the calcination advances. Mafiicot, litharge, 
ochre, orpiment, and yellow precipitate, are inflances of 
this. 

A Wronger combination of oxigene appears to produce 
the red ; whence we obtain minium, colcothar, red pre- 
cipitate, &c. 

This procefs is not uniform through all the bodies of the 
mineral kingdom ; for it is natural to infer that the effects 
mud be modified by the nature of thebafe with which the 
oxigene combines. Thus it is that in fome of them we 
perceive the blue colour almoft immediately followed by a 
black ; as may eafily be accounted for, on the confederation 
that there is a very flight difference between the property 
of reflecting the weaken 1 rays and that of reflecting none at ail. 

To give additional force to the obfervations here made, 
We may alfo take notice that the metals themfelvcs are mod 
of them colourlefs, and become coloured by calcination; 
that is to fay, by the fixation and combination of oxigene. 

The effects of the combination of oxigene are equally 
evident in the mineral as in the vegetable kingdom ; and, 
in order to convince ourfelves of this, we need only follow 
the operations in the method of preparing and developing 
the principal blue colours, fuch as indigo, paftel, turnfole,&c. 

Indigo is extracted from a plant known by the name of 
Anillo by the Spaniards, and the Indigo Plant by us. It is 
the Idingofera tindoria of Linnaus. It is cultivated at Saint 
Domingo, in the Antilles, and in the Eafl Indies. The boughs 
are cut every two months, and the root lafts two years. 
The plant is laid. to ferment in a trough called the fleeping 
trough, which is filled with water. At the end of a certain 
time the water heats, emits bubbles, and becomes of a 
blue colour. It is then paned into another veffel or trough, 
called the beating trough (batterie), where the fluid is 
flron^ly beaten or agitated by a mill with pallets, to con- 
denfe the fubflance of the indigo. As foon as the water is 
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become infipid, it is drawn off; and the depofition of the 
fecula is made in a third veffel, called the fettling trough 
(repofoir), where it dries, and is taken out to form the 
loaves diflributed in commerce. 

The paflel is a colour which is extracted in Upper Lan- 
guedoc, by fermenting the leaves of the plant after having 
firfr. bruifed them. The fermentation is promoted by moif- 
tening them with the mod putrid water that can be procured. 

The woad is prepared in Normandy in the fame manner 
as the paftel. v 

Turnfole is prepared at Grand Galargues by foaking rags 
in the ]uice of the croton tinctorium, and afterwards ex- 
pofing them to the vapour of urine or dung. 

We likewjfe obferve that the firft degree of combination 
of oxigene with oil (in combuilionj developes the blue co- 
lour for the inftant. 

The blue colour is formed in dead vegetables only by 
fermentation. Now in thefe cafes there is a fixation of oxi- 
gene. This oxigene combines with the fecula in indigo, with 
an extractive principle in turnfole, &c. ; and moll colours 
are likewife fufceptible of being converted into red by a 
greater quantity of oxigine. Thus it is that turnfole reddens 
by expofure to air, or to the aclion of acids : becaufe the 
acid is decompofed upon the mucilage, which is the receptacle 
of the colour; as may be feen in fyrup of violets, upon 
which the acids are decompofed when concentrated. The 
fame thing does not happen when a fecula is faturated with 
oxigene, and does not admit of the decompofition of the 
acid. Hence it is that indigo does not become red by acids,, 
but is on the contrary foluble in them. It js likewife for 
the fame reafon that we obferve a red colour developed in 
vegetables in which an acid continually acts, as in the leaves 
of the oxalis, of the virgin vine, the common forrtl, and 
the ordinary vine. Hence alfo it happens that acids brighten 
moil: of the red colours ; and that a very highly charged 
metallic oxide is ufed as the mordant for fcarlet. 

We find the fame colours developed in the animal king- 
dom by the combination of the fame principle. When fiefh- 
meat putrefies, the firft impreilion of the oxigene conf fts in 
producing a blue colour ; whence the blue appearance of 
mortifications, cf fiefli becoming putrid, oi' game too long 
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kept, or the appearance which in our kitchens in France is 
called cordon bleu. This blue colour is fucceeded by red., 
as is obferved in the preparation of cheefes, which become 
covered with a mouldinefs at firil of a biue colour, but af- 
terwards becoming red : • I have purfued thefe phenomena 
in the preparation of cheefes at Rocquefort. The combi- 
nation of oxigene, and the proportional quantity which en- 
ters into fuch combination, determine therefore the pro- 
perty of reflecting any particular rays of light. But it may 
eafily be underftood that the colour muft be fubject to vari- 
ation, according to the nature of the principle with which 
it combines ; and this points out a feries of very intereiiiug 
experiments that remain to be made. 

All the phenomena of the combination of air with the 
feveral principles in different proportions, may be obferved 
in the flame of bodies actually on lire. This flame is blue 
when the combuftion is flow j red, when ftronger and more 
complete ; and white, when dill more perfect. For thefe 
final degrees of oxidation in general produce a white colour, 
becaufe all the rays are then equally reflected. 

From the foregoing facts we may conclude that the blue 
ray is the weaken 1 , and is confequently reflected by the firft 
combination of oxigene. We may add the following fact to 
thofe we have already exhibited. The colour of the atmof- 
phere is blueifh : the light of the (tars is blue, as M. Mariotte 
has proved, in the year 1678, by receiving the light of the 
moon upon white paper : the light of a clear day reflected 
into the (hade by mow, is of a fine blue, according to the 
obfervations of Daniel Major (Ephem. des Curiof. de la 
Nature, 1671, premier Dec). 

The colouring principle is found in vegetables in four 
flates of combination— 1. With the extractive principle. 2. 
With the refmous principle. 3. With a fecula. 4. With 
a crummy principle. — Thefe four dates in which we find the 
colouring principle, indicate to us the means of extracting it. 

A. When the receptacle of the colour is of the nature of 
extractsj water is capable of diflblving the whole : fuch is 
that of logwood, turnfole, madder, cochenille, &c. Nothing 
more is neceflary than to infufe thefe fubftances in water, 
for the purpofe of extracting their colouring principle. If 
any fluff be plunged in this folution, it will be covered with 
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a body of colour, which will be a mere ftain, that may be 
again cleared off by water. To obviate this inconvenience* 
it has therefore been found neceffary to -impregnate the 
Huffs on which the colours were intended to be applied with 
Tome ialt, or other principle, which might change the na- 
ture of the colouring matter, and give it fixity, by depriving 
it of its folubility in water. It is this fubilance which is 
dirtinguHhed by the name of Mordant. It is likewife necef- 
fary that the mordant (hould have an affinity with the prin- 
ciple of colour ; in order that it may become its receiver. 
Hence it arifes that mod of thefe colours, fuch as turnfole, 
Brafil wood, &c. are not fixed by thefe mordants ; hence 
alfo it arifes that cochenille does not form a fine fcarlet, un. 
lefs it has tin for its mordant. It is neceffary, moreover, that 
the mordant have a due relation to the nature of the fluff; 
for the fame compofition which gives a fine fcarlet colour to 
wool, gives a colour of wine lees to filk, and does not even 
change the white colour of cotton, 

B. There are certain refinous colouring matters folubJe 
in fpirit of wine : fuch are the pharmaceutical tin&ures : 
they are ufed only in the arts for dying ribbons. There are 
other colouring matters combined with fcculas, which water 
notdiffolve: rocou, archil, indigo, and the red colour 
of oriental faffron, are of this kind. 

Rocou is a refinous fecula obtained by macerating the 
feeds of an American tree called Urucu in water. In this 
operation the extractive part is deftroyed by fermentation, 
and the refinous fecula is collected in a parte of a deep yel- 
low colour. The parte of rocou, diffufed in water with the 
impure tilkali called cendres gravelecs, affords a fine orange 
Colour. 

Archil is a parte prepared by macerating certain moffes 
and lichens in urine with lime. Alkalis extract a violet colour. 
Archil is made in Corfica, in Auvergne, at Lyons, &c. • 

The Archil of the Canaries is lefs charged with lime. 
That which I procured, exhibited in its texture the fibres 
of the plant, not completely decompofed by the fermentation. 
The archil of the Canaries, or the archil in the herb, is 
afforded by a lichen called, Orcel/a, rocella, lichen fruticu- 
lofi(s,JoIidus, aphyllus 9 fubramofus 9 tuberctills ailernh^ Linnai, 
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The parella or archil of Auvergne is made with the lichen, 
pare! I us Linnsei. 

- The colouring matters of this clafs are all foluble in alkali 
or lime ; and thefe are the fubilances ufed to diffolve them 
in water, and precipitate them upon (lulls. Lime is the 
true folvent of indigo; but alkali is the foment of ether 
fubllances of the fame clafs. For example : when it is 
required to make ufe-of the colouring matter of ba 
faffron, the fir ft proc ills in wafhiog it in muck 

water, to clear it of the extractive and ycliowifh principle, 
whi;h is very abundant; and the refmons principle is after- 
wards diffolved by means of alkali, from which folvent it is 
precipitated upon the fluffs by means of acids. In this man- 
ner it is that the poppy-coloured filk is made. This refinous 
principle may alfo be combined with talc, after it has been 
extracted by an alkali, and precipitated by an acid ; in 
which cafe the refult is vegetable red. To make this pig- 
ment, the yellow colour of faffron or carthamus is firft ex- 
tracted by means of wafhing. Five or fix per cent, of its 
weight of foda is mixed with the rcfiduc ; and cold water 
poured on, which takes up a yellow matter ; and this, by 
•the addition of lemon juice, deport ts a red fecula. The red 
fecula, mixed with levigated talc, and mciftened wjth lemon 
juice, forms a parte, which is put into pots to dry. If the: 
red be foluble in fpirit of wine, it is vegetable; but if not 
•it is mineral, and is ufually vermilion. 
- Acids may be ufed inffcad of alkalis in fixing fome of 
thefe colours upon fluffs. To make a permanent blue, in- 
Head of diiToiving indigo by means of lime, it is femetimes 
difiblved in oil of vitriol. This folution is poured into the 
bath, and the alumed fluff is puffed through it. Flannels 
are died blue at Montpellier in this way. This operation 
depends merely on an extreme divifion of the indigo by the 
acid. 

D. There are fome colouring principles fixed by a refin ; 
but whkh, by the affiflance of extractive matter, may be 
fufpended by water. The fluffs are boiled in this folution ; 
the refinous part applies itfeif to them, and adheres with 
fufficient fotidky not to be again carried off by water. 

No preparation is required to dye with thefe ingredients, 
nothing more being neceffary than to boil the fluff in a 

4 G 
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decccrion of the colour. The principal fubftances of this 
kind are, the hulk of walnuts, the roots of the walnut 
tree, fumach, fantal, the bark of elder, &c. All thefe 
.,:ces, which require no mordants, afford only a buff- 
coloured tinge, which dyers call Root Colours. The 
colouring matter of certain vegetables may likewife be 
extracted by oils. In this way oils are coloured red by 
infufing alkanet, or the root of a certain fpecies of buglofs, 
in them. 

In order to apply colouring matter properly upon any 
fluff, it is neceffary to prepare the (luff, and difpofe it to 
receive the Colouring principle. For this purpofe it mud 
be walked, bleached, and cleared of that glutinous matter 
which defends it from the deflructive action of the air while 
it grows on the animal which affords it ; and impregnated 
with the mordant which fixes the colour, and gives it pecu- 
liar properties. 

A. The firff operation required to difpofe a fluff to 
receive colour, is bleaching ; becaufe the whiter it is, the 
more natural and accurate will be the colour it takes. If 
this precaution be not taken, the fuccefs will be uncertain. 
To bleach piece-goods, the operator is fatisfied with boiling 
them in an alkaline lixivium, and expofing them afterwards 
to the air, to render the whitenefs more perfect. This ope- 
ration depends on the action of the oxigene, which com- 
bines with the colouring principle, and deflroys it ; as is 
evidently demonitrated by the late experiments of M. Ber- 
thollet on the oxigenated muriatic acid, which bleaches 
cloths and cottons with fuch facility, that it is already ufed 
for this purpofe in feveral manufactories. 

Cotton is bleached in fome manufactories by a very inge- 
nious procefs. A boiler is firmly fct in mafonry, and a 
cover fitted to it in the flrongeft manner ; this boiler has an 
elliptical figure. Alkali rendered caufiic by lime is put into 
the bottom of this veffel ; and the goods intended to be 
bleached are put into a baiket which prevents their touching 
the fides of the boiler. When the piece-goods are properly 
placed, the covering is fixed on, which is pierced 
very finall aperture, to permit a portion" of the aqi 
vapour to efcape. A degree of heat much fuperior to that 
of boiling water is excited in the folution of pot-afli : and 
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the beat, affiled by the corrofive aftion of the pot-afli ia 
this kind of Papin's cligeftef, deftro/s the colouring prin- 
ciple of the cottons, and gives them the utntdft whitenefs. 

B. That kind of gluten which envelopes almoft every ani- 
mal fubftance, but more efpecially raw fillc, is infoluble in 
water and in alcohol. It is only attacked by alkalis and 
ioaps ; and for this purpofe the operation of deanfing is 
ufed. Any fluff may be cleared of its glutinous part by 
boiling or even digefting it in a folution of alkali': but it 
has been obferved that a pure alkali alters the goodnefs and 
quality of the Muff; for which reafon foaps have been fub- 
ftituted in its flead. For this purpofe the fluff is fteeped in 
a folution of foap, heated to a lefs degree than boiling. 
The academy of Lyons, in the year 1761, propofed a prize 
for the means of clearing raw filks without foap. It 
adjudged to M. Rigaut, of St. Quentin, who propofed a 
folution of fait of foda. 

It has been lately afcertained that water, heated above 
the degree of ebullition, is capable of diffolving this colouring 
principle. A boiler fimilar to that which I have jui? 
defcribed, maybe ufed for this purpofe. 

In order to bleach cotton, and difpofe'it for the dying 
proceiTes, it is cleanfed by means of a liquid foap made of 
oil and foda. 

• The piece-goods are cleared by this boiling from the yar- 
nifh, which would prevent the colour from applying arid fix- 
ing itfelf in a permanent manner; at the fame time tint it 
opens the pores of the fluff for the better reception of the 
colour. 

When the piece is thus prepared, its pores b'efnV vcry 
open, and its colour very white, nothing remains t: 
previous to the application of the dye, but to imp; 
with the mordant or principle which is to receive tr 
and change its nature fo much, that neither water, foap, 
nor any of the reagents ufed as proofs, may be c 
extracting it. It is necefTary therefore — 1. That the i 
dant itfelf mould be very white, that it may not alter the 
colour prefentcd to it. 2. That it be not fubjeft to corrup- 
tion ; and for this purpofe it mull be'fought among . 
and metallic oxides. 3. That it be in a flate of e ..treme 
divifion, in order that it may fix itfelf in the pores. 4. That 
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it be infallible in water and the other reagents. 5. Thai 
its affinity with the colouring matter and the fluff be very 
great. 

Alum and the muriate of tin, are the two falls whofe 
bafes unite thefe properties in the mod efficacious manner. 
The fluffs having undergone the previous operations are 
therefore ft eeped in folutions of thefe falts; and when they 
are impregnated, they are paffed through ihe colouring bath; 
and by the decompofition, or change of principles between 
the mordant and the principle which holds the colour in folu- 
tion, the colour is precipated on the bafe of the mordant, 
and adheres to it. 

Certain vegetable fubftances are likewife difpofed to take 
fome colours by animalizing them. In this way cows dung 
■and bullocks blood are ufed in dying cotton; for it is a de- 
cided fact that animal fubftances take colours better than 
vegetables. 

ARTICLE XII. 

Concerning the Pollen, or Fecundating Powder of the Stamina of Vege- 
tables. 

Modern difcoveries and obfervationshave pointed out the 
fexual parts of plants; and we find nearly the fame forms in 
the organs, the fame means in the functions, and the fame 
characters in the prolific humours, as in animals. 

The prolific humour in the male part is elaborated by the 
anthera: and as the organs of the plant do not admit of an 
actual intromiffion of the male into the female, becaufe vege- 
tables are not capable of loco-motion, nature has bellowed 
on the fecundating feed the character of a powder; which 
the agitation of the air, and other canfes, may Carry away 
and precipitate upon the female. There is a degree of 
elaflicity in the anthera, which caufes it to open, and 
eject the globules. It has even been obferved that the pi fill 
opened at the fame time, to receive the pollen, in certain 
vegetables. The refources of nature to affure the fecun- 
dation are admirable. The male and female parts almofl 
always repofc in the fame flower; and the petals arc always 
difpofed in the moil advantageous manner to favour the 
reproduction of the fpecics. Sometimes the male and female 
are upon the fame individual, but placed upon different flow- 
ers; at other times both are attached to ilblated and feparatq 



Pollen cf Vegetables, 5 23 

individuals, and then the fecundation is made by the pollen 
which the wind or air detaches from the anthera?, and trans- 
mits to the female. 

The fecundating powder has almoft conftantly the fmell 
of the fpermatic liquor of animals. The fmell of cabbages 
in bloffom, of the cheftnut tree, and mod other vegetables, 
exhibits this analogy to fuch a degree, that the one odour 
might even be miftaken for the other. 

The pollen is generally of a refmous nature, foluble in 
alkalis and in alcohol. Like refms, it is inflammable; and 
the aura which is formed around certain vegetables at the 
time of fecundation, may be fet on fire, as was obferved by 
Mademoifelle Linne in the fraxinella. 

Nature, which has employed lefs osconomical means in 
the fecundation of plants, and who entrufls thefe operations 
almoft to chance, fince fhe delivers the fecundating powder 
to the winds, mud of courfe have been prodigal in the for- 
mation of this humour, more efpecially for the trees of the 
Kionoecia and dioecia genera, where the production is more 
expofed to accidental impediments. Hence we may account 
for thofe pretended fhowers of fulphur, which are never 
common but in fu.h diflri&s as abound with the hazel, fil- 
bert, and pine-trees. 

As the pollen could not be expofed by nature to the vary- 
ing temperatures of the atmofphere, fhe has facilitated its 
development in the moll rapid manner. A warm fun, very 
frequently fuffices to open the concealed organs of the plant, 
to develope and procure its fecundation. On this account 
the author of Les Etudes de la Nature affirms, that the colo- 
ration of plants is defigned to reflect the light more vividly, 
and that mod flowers aftefit the mod advantageous form to 
concentrate the folar rays on the parts of generation. 

The parts employed in thefe functions are endued with an 
aftonifhing degree of irritability. M. des Fontaines has 
made fome very interefting obfervations on this fubject; and 
the agitated motions which fome plants affect in order to fol- 
low the courfe of the fun, are determined by nature, in 
order that the great work of generation, favoured by the 
(un, may be accomplilhed in the leaft poiTible time. 
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Concerning Wax. 

The wax of bees is merely the pollen very little altered. 
Thefe infects have their femurs provided with rugofities to 
brufh the pollen from the antherse, and convey it to their 
nefts. 

There appears to exifl: in the very texture of fome flowers, 
which are rich in fecundating powder, a matter analogous 
to wax, which may be extracted by aqueous decoction. 
Such are the male catkins of the betula alnus, thofe of the 
pine, &c. the leaves of rofemary, of officinal fage, the fruits 
of the mirica cerifera, fuffer wax to tranfude through the 
pores. 

It appears that wax and the pollen have for their bafis a 
fat oil, which paiTes to the flate of refin by its combination 
with oxigene. If the nitric or muriatic acid be digefted upon 
fixed oil for feveral months, it paffes to a flate refembling wax. 

Wax by repeated diftillations, affords an oil which poffef- 
fes all the properties of volatile oils. It is reduced into 
water and carbonic acid by combuflion. 

The colouring matter of wax appears to be of the fame 
nature as that of filk; it is infoluble in water and in alcohol. 
In the arts, wax is bleached by dividing it prodigioufly; for 
which purpofe oil is poured in fufion upon the furface of a 
cylinder, which revolves at the furface of water. The wax 
which falls applies itfelf to the fuperncies, and is reduced 
into very thin flakes or ribbons. It is afterwards expofed 
to the air upon tables, taking care to flir it from time to 
time, and by this means it becomes white. 

Alkalis diflblve wax, and render it folubie in water. It 
is this faponaceous folution which forms the Punic wax. It 
may be ufed as the bafis of feveral colours ; and may be made 
into an excellent pafle for wafhing the hands. It is likewife 
applied with a brufh upon feveral bodies: but it would be 
highly advantageous if it could be deprived of its folvent, 
which conflantly acls, and is the caufe why it cannot be 
applied to feveral ufes, in which otherwife it might be found 
advantageous. 

Ammoniac likewife diffolves it; and as this folvent is 
evaporable, it ought to be preferred when it is. propofed to 
ufe the wax as a varnifh. 
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ARTICLE XIII. 

Concerning Honey. 

Honey, or the nectar of flowers, -.is contained chiefly in 
the bafe of the piftil, or female organ. It ferves as food for 
jnoft infc6h which have a probofcis. . Thefe animals plunge 
their probofcis into the piflil, and fuck out the nectar. It 
appears to be a folution of fugar in mucilage; the fugar is 
fometimcs precipitated in cryitals, as in the nectar of the 
flower of balfamina. 

The nectar undergoes no alteration in the body of the 
bee, flnce we can form honey by concentrating the nectar. 
It retains the odour, and not unfrequently the noxious qua- 
lities of the plant which affords it. 

The fecretion of the nectar is made during the feafon of 
fecundation. It may be conildered as the vehicle and reci- 
pient of the fecundating dud, which facilitates the bursting of 
the globules, filled with this fecundating powder: for Lin- 
nseus and Tournefort have both obferved that nothing more 
is required than to expofe the pollen upon water, to affift the 
development. All the internal part of the ftyle of the piftil 
is impregnated with it. And if the internal part of the 
female organs be dried by heat, the pollen no longer fecun- 
dates. 

Honey exfudes from all the female parts, but particularly 
from the ovaria. Pores may even be obferved in hyacinths, 
through which it flows. 

Such flowers as have only the male parts do not in gene- 
ral afford honey ; and the organs which afford the nectar 
dry up and wither from the moment the act of conception is 
accomplifhed. Honey may therefore be confidered as ne- 
ceffary to fecundation; it is the humour afforded by the 
female to receive the fecundating powder, and facilitate the 
opening and explofion of the fmall bodies which contain the 
pollen; for it has been obferved that thefe bodies open the 
moment they touch the furface of any liquid which moiftens 

them. 

ARTICLE XIV. 
Concerning the Ligneous Part of Vegetables. 

Chemiils have confrantly directed their attention to the 
analyfls of vegetable juices : but they appear to have com- 
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pletely neglected the folid part of the vegetable, which m 
every point of view is entitled to particular attention. It 
is this ligneous portion which forms the vegetable fibre; 
and this matter not only constitutes the bafis of the vegeta* 
ble, but is likewife developed in cireumflances which de- 
pend on the vital functions of the plant. It forms the pulp 
of feeds, the lanuginous covering which overfpreads certain 
plants, -&c. The character of the ligneous part is, an in- 
folubility in water and almoft every other menfiruum. The 
fulphuric acid only blackens it, and is decompofed upon it, 
as is likewife the nitric acid. But one very peculiar charac- 
ter of this principle is, that the concourfe of air and water 
alters it very difficulty; and that, when it is well deprived 
of all its moifture, it abfolutely refills every kind of fermen- 
tation ; infomnch that it would be indefrruc"rible, if infe&s 
had not the property of gnawing and feeding upon it. It 
appears that the vegetable fibre confifts of the bafis of mu- 
cilage, hardened by its combination with a greater quantity 
of oxigene. Several reafons lead us to adopt this idea. In 
the firft. place, the diluted nitric acid being put to digeft upon 
fecula is decompofed, and canfes the fecula to pafs to a ftate 
refembling that of ligneous matter. I have obferved, in the 
fecond place, that thofe fungi which grow in fubterraneou? 
places void of light and are refolved into a very a. id water, 
if left in a veffel, acquire a greater quantity of the ligneous 
principle, in proportion as they are expofed by degrees to 
the light; at the fame time that the acid is diminimed by 
decompofition, and at length difappears. 

The tranfitidn of mucilage to the (late of ligneous matter 
is very evident in the growth of vegetables. The cellular 
envelope which is immediately covered by the epidermis 
exhibits nothing but mucilage and glands; but by dei 
it hardens, forms a ftratum of the cortical coating, and v\ 
laft concludes by becoming one of the ligneous rings. 

Weobferve this tranfition in certain plants which are an- 
nual in cold climates, and vivacious in temperate climates. 
In the former they are herbaceous, becaufe the periodical 
return of the cold weather does not permit them to develope 
themfelves. In the fecond they become arborefcent ; and 
the pi of time fe .he mucilage, and forms i 

ous coatings. 
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The induration of the fibrous part may be accelerated by 
taufmg the air and light to aft more ftrongly upon it. IVL 
de Buffon has obferved that, when a tree is deprived of its 
bark, the external part of the wood which is expofed to the 
air acquires a confiderable degree of hardnefs ; and trees 
thus prepared form pieces of carpentry much more folid than 
thofe which have not undergone fuch preparation. 

It is probably owing to the large quantity of pure air with 
which the fibrous matter is loaded, that it is not difpofed to 
putrefy: and it is in confequence of this mod valuable pro- 
perty of not being fubje& to corruption, that arts have been 
invented for clearing it of all fermentable principles of the 
vegetable kingdom, to obtain it in its greateft purity in the 
fabrication of cloths, paper, &c. We fhall again return to 
thefe objects, when we treat of the alterations to which the 
vegetable kingdom is fubje&. 

ARTICLE XV. 

Concerning other fixed Principles -of the Vegetable Kingdom. 

The volatile oil of horfe-radifh had formerly afforded 
fulphur, which is depofited by (landing, according to the 
observations of fome chemifls ; but M* Deyeux has taught 
us to extract this inflammable principle from the root of the 
herb patience. Nothing is required to be done but to rafp 
the root, boil, take off the fcum, and dry it. This fcum af- 
fords much fulphur in fubftance; and it is perhaps to this 
principle that thefe plants owe their virtue, fmce they are 
ufed inikin diforders. 

Vegetables in their analyfis likewife prefent us with certain 
metals, fuch as iron, gold, and manganefe. The iron forms 
near one-twelfth of the weight of the afhes of hard wood, 
fuch as oak. It may be extracted by the magnet. It does 
Ilot appear to exift in a perfectly difengaged ftate in the ve- 
getable; neverthelefs we read, in the Journaux de Fhyfique, 
an obfervation in which it is affirmed, that it was found 
in metallic grains in fruits. The iron is ufually held in Isola- 
tion in the acids of vegetation, from which it may be preci- 
pitated by alkalis. The exiftence of this metal has been at- 
tributed to the wearing of ploughihares, and other inltru- 
ments of hufbaudry, and to the .faculty which plants p 
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of imbibing it with their nutritive juices. The Abbe' No* 
let and others have embraced this unphilofophical notion. It 
is the fame with the iron as with the other falts. They are 
produced by vegetation; and vegetables watered with dlftil- 
led water afford it as well as others. 

Beccher and Kunckel afcertained the prefence of gold in 
plants. M. Sage was invited to repeat the proceffes by way 
of ascertaining the fach lie found gold in the afhes of vine 
JwigSj and announced it to the public. After this chemift, 
mod: perfons who have attended to this object have found 
geld; but in much lots quantity than M. Sage had announ- 
ced. The moll accurate analyfes have {hewn no more than 
two grains; whereas M. Sage had fpoken of feveral ounces 
in the quintal. The procefs for extracting gold from the 
allies confifts in fufmg them with black flux and minium. 
The lead which is produced is then cupelled, to afcertain the 
fmall quantity of gold with which it became alloyed in this 
cpaaa'an. 

Scheele has alfo obtained manganefe in the analyfis of ve- 
getable ames. His procefs confifts in fufmg part of the ames 
with three pans of fixed alkali, and one-eighth of nitrate of 
pot-a(h. The fnfed matter is boiled in a certain quantity of 
water. Tiie folution being then filtered, is faturated with 
ill;; ' .ric acid, and at the end of a certain time manganefe 
fair. down. 

Lime conftantly enough forms feven-tenths of the fixed re- 
sidue of vegetable incineration. This earth is ufually com- 
bined with the carbonic acid. Scheele has proved that it 
effiorefces in this form on the bark of guaiacum, the afn, £:c. 
It is iikewife very of: en united with the acid of vegcu 
It appears to be formed by an alteration of the muci 
more advanced than that which forms the fecuia, which has 
fome analogy with this earth. We evidently fee the tranfi- 
tion of mucilage to the flate of earth in tefheeous animals. 
We obferve the mucilage putrefy at its furface, with fo much 
the more facility as it is purer ; as we may judge by a com- 
parifon of the :i; re, the fea hedge-hog, the crab, &c. 

Next to lime, ainnine is the moil abundant earth in vege- 
tables, and next r .-. M. Darcet has obtained, from 
one pound of the aihes .,f beech, one ounce of the fuiphate of 
oefe by treating them with the fulphuric acid. This. 
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earth is very abundant in the a(hes of tamarifc. Siliceous 
earth likewife exifts, but lefs abundantly. The lead com- 
mon of all is the barytes. 

ARTICLE XVI. 
Of the common Juices extracted by Incifion or Exprefiion. 
The vegetable juices hitherto treated of are peculiar fub- 
ftances contained in vegetables, and poffeiTing linking charac- 
ters, by which they are diitinguiiliable from every other hu- 
mour. But we may at once extract from vegetables all the 
juices they contain; - and this mixture of various principles 
may be obtained by fcveral methods. Simple incifion is 
fometimes fufHcient; but expreffion is equally ufed. 

The juices of vegetables vary according to the refpective 
nature of the plants. They are more abundant in fome than 
in others. Age modifies them. Young trees in general 
have moft Tap; and this fap is milder, more mucilaginous, and 
lefs charged with oil and refin. The fap varies according to 
the feafon. In the fpring the plants draw up with avidity 
the juices afforded by the air and the earth; thefe juices eftab- 
li(h a plethora every where, from which remits a confiderable 
growth of the individual, and fometimes a natural extrava- 
fation. If in the time of plethora incifions be made in any 
part of the vegetable, all the abundant fap efcapes by the 
aperture ; and this fluid is almo(t always clear, and without 
fmell. But by degrees the plant elaborates thefe juices, and 
gives them peculiar characters. In the fpring the fap in the 
body of the vegetable prefents only a flight alteration of the 
nutritive juices; but in the fummer the whole is elaborated, 
all is digefted, and then the fap pofTeffes characters very dif- 
ferent from thofe it poffefTed during the fpring feafon. If 
incifions be now made in the tree, the juices obtained are ac- 
cordingly very different; and for this reafon it is that the 
juices difperfed in commerce are extracted during the 
fummer. 

The conftitution of the air equally influences the nature of 
vegetable juices. A rainy feafon oppofes the development 
of the faccharine principle, as well as the formation of refins 
and aromatic fubftances. A dry feafon affords little muci- 
lage, but much refm and aromatic principle; hot weather 
decompofes the mucilage, and favours the development of 
relins, facchariae matter, and aroma ) but a cold fe&bQ docs 
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not permit the formation of any principle but mucilage: and 
as the mucilage is the principle of increafe of bulk in plants, 
the whole of this fubftance is employed for that purpofe ; 
while the heat and light modify the fame mucilage, and caufe 
it to pafs to the ftate of oil, refin, aroma, Sec. Hence pro- 
bably it is that trees have a more agreeable appearance in 
cold than in burning climates; and that the trees in this lat- 
ter fituation abound with aromatic, oily, and refinous prin- 
ciples. In the vegetable as in the animal kingdom, fpirit ap- 
pears to be the portion of the ibuthern climates} while force 
and ftrength are attributes of the northern. 

Concerning the Juices extracted by Incifion. 

The juice contained in plants, and known by the name of 
Sap, is difperfed through the cellular tifTue, inclofed in the 
veffels, or depofited in the utricules: and there is a commu- 
nication eliding, which, when any part of the vegetable is 
wounded, caufes the abundant juices to flow through the 
aperture ; not indeed fo fpeedily, nor fo completely, as in ani- 
mals ; becaufe the humours do not polfefs fo rapid a motion, 
and becaufe there is lefs connection between the feveral or- 
gans in vegetables than in animals. The fap is a confufed 
mixture of all the principles of vegetables. The oil and the 
mucilage are confounded with the falts. It is, in a word, 
the general humour of vegetables, in the fame manner as the 
blood in animals. In the prefent place we ihail fpeak only 
of manna and opium. 

i. Manna. — -Several vegetables afford manna ; and it is 
extracted from the pine, the fir, the maple, the oak, the ju- 
niper, the fig, the willow, the olive, &c. but the alh, larch, 
and the alhagi, afford it in the largefl quantities. L'obel, 
kondelet, and others, have obferved at Montpellier, upon 
the olive trees, a kind of manna, to which they have given 
the name of celiomeli. Tournefort collected it from the fame 
trees at Aix, and at Toulon. 

The afh which affords manna grows naturally in all tem- 
perate climates; but Calabria and Sicily appear to be the mofc 
natural countries to this tree; or at leaii it is only in thefe 
countries that it abundantly furnifhes the juice called Manna 
In commerce. 

The manna flows naturally frorti this tree, and attaches 
hfelf to its. iides in the form of white tranfparent drops ; but 
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the extra&ion of this juice is facilitated by incifions made in 
the tree during fummer: the manna flows through thefe 
apertures upon the trunk of the tree, from which it is de- 
tached with wooden inftruments. Care is iikewife taken to 
infert draws, or fmall (licks of wood, into thefe incifions; and 
the ftala&ites which hang from thefe fmall bodies are fepa- 
rated, and known in commerce by the name of Manna in 
Tears: the fmallefl: pieces form the manna in forts or flakes; 
and the common or fat manna is of the word quality, becaufe 
the moil contaminated with earth and other foreign fub- 
ftances. The afli fometimes affords manna in omr climates, 
fpecimens of which I have feen collected in the vicinity of 
Aniane. 

The larch which grows abundantly in Dauphiny, and the 
environs of Briancon, Iikewife affords manna. It is formed 
during the fummer on the fibres of the leaves, in white fri- 
able grains, which the peafants collect and put into pots, 
which they keep in a cool place. This manna is of a yellow 
colour, and has a very naufeous fmell. 

The alhagi is a kind of broom, which grows in Perlia. A 
juice tranfudes from- its leaves, in the form of drops of vari- 
ous fizes, which the heat of the fun indurates. An intereft- 
ing account of this tree may be feen in Tournefort's Travels. 
This manna is known in the Levant, in the town of Tauris, 
by the name of Tereniabin. 

The manna moil frequently ufed is that of Calabria. Its 
fmell is (Irong, and its tafte fweetifti and naufeous : if expo- 
fed on hot coals, it fwells up, takes fire, and leaves a light 
bulky coal. 

Water totally diffolves it, whether hot or cold. If it be 
boiled with lime, clarified with white of egg, and concen- 
trated by evaporation, it affords cryllals of fugar. 

Manna affords by diilillation water, acid, oil, and ammo- 
niac; and its coal affords alkali. 

This fubftance forms the bafis of mod: purgative medicines. 

2. Opium. — The plant which affords opium is the poppy, 
Which is cultivated in Perfia and Afia Minor. To extract 
this precious medicine, care is taken to cut off all the flow- 
ers which would load the plant, and to leave that only which 
correfponds with the principal ftem. At the beginning of 
fummer, when the poppy-heads are ripe, incifions are made 
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quite round them, from which tears flow that are careful!/ 
collected. This opium is the pured, and is retained in the 
country for various ufes. That which comes to us is extract- 
ed by preffure from the fame heads. The juice thus ob- 
tained is wrapped up, after previous drying, in the leaves of 
the poppy, and comes to us in the form of circular flattened 
cakes. 

In our laboratories it is cleared from its impurities by fo- 
lution in hot water, filtration, and evaporation to the confid- 
ence of an extract. This is the extract of opium. 

Opium contains a ftrong and narcotic aroma, from which 
it is impoilible to clear it, according to Mr. Lorry. It like- 
wife contains an extract foluble in water, and a rcfin; toge- 
ther with a volatile concrete oil, and a peculiar fait. 

By long digeflion in hot water the volatile oil becomes 
attenuated, is difengaged, and carries the aroma with it; fo 
that by this means the oil and aroma may be feparated, at 
lead for the mod part. It has been obferved that opium de- 
prived of this oil, a portion of its aroma, and its refm, pre- 
served its fedative virtue, without being narcotic and dupify- 
ing. We are indebted to Baume for a feries of interefting 
refearches on this fubject. He boiled four pounds of diced 
opium in between twelve and fifteen pints of water, for half 
an hour. The decoction was drained with preffure, the 
dregs were exhaufled by ebullition with more water. All 
thefe waters were mixed together, and reduced by evapora- 
tion to fix pints. The liquor was then put into a cucurbit of 
tin, and digeded on a fand-bath for fix months, or during 
three months night and day. Care was taken to add water 
as the evaporation proceeded ; and the bottom of the veffel 
was fcraped from time to time, to difengage the refinous 
matter which fubfided. When the digedion was finiflicd, 
the liquor was filtered, the refidue carefully feparated, and 
the water evaporated to the confidence of an extract. 

If the fait be required to be feparated, the evaporation 
mud be fufpended when the fluid is reduced to one pint. 
An earthy fait falls down by cooling, which is of a ruddy ap- 
pearance, and has the form of fcales mixed with needled 
crydals. 

By this long but judicious procefs, the oil is firft fepara- 
ted; which after three or four days rifes to the furface of the 
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liquor, where it forms an adhefive pellicle, like turpentine. 
This pellicle is gradually diffipated, and difappears at the end 
of a month, nothing more being feen than a few drops from 
time to time. In proportion as the oil is diffipated, the re- 
fin, which formed a foap with it, is precipitated. 

Mr. Baume has calculated that thefe principles exifl in the 
following proportions: — Four pounds of common opium af- 
ford one pound one ounce of marc or infoluble matter, one 
pound fifteen ounces of extract, twelve ounces of refin, one 
gros or dram of fait, three ounces feven gros of denfe oil or 
aroma. 

Mr. Bucquet propofed to extract the fedative principle, by 
diffolving it in the cold, and afterwards evaporating it; Mr. 
JofTe, by agitating it in cold water; Meifrs. De Laffoue and 
Cornette, by diifolving, filtering it feveral times, and always 
evaporating it to the confidence of an extract. 

The fedative principle is a medicine of the greatefl: value, 
..becaufe it does not produce that drunkennefs and ftupor 
.which are too commonly the effects of crude. opium. 

When a plant does not afford its juice by incifion, this may 
happen either becaufe the quantity is too fmall, or becaufe 
its confidence is not fumxiently fluid, or becaufe there is not 
a fufHciently perfect communication between the veffeis of 
the plant to permit the flowing of all the juice. In thefe cafes 
the defired effect may be produced either by fimple mechani- 
cal preffure,as in extracting the juice of hypociftus and acacia; 
or by the afiiftance of water, which foftens the texture of 
the vegetable, at the fame time that it diffolves and carries 
off the juice. 

Concerning Vegetable Juices extra &ed by PrefTura. 

The fucculent vegetables afford their juice by fimple pref- 
fure; and the method of performing this operation is nearly 
the fame in all plants. When it is intended to extract the 
juice of a plant, it is warned, cut into fmall pieces, pounded 
in a marble mortar, put into a linen bag, and preffed in a 
prefs. 

There are fome ligneous plants, iuch as (age, thyme, and 
the leffer centaury, whofe juices cannot be extracted without 
the addition of a fmall quantity of water; there are other 
?ery fucculent plants, fuchas borage, buglofs, and chicory, 
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whofe juices are fo vifcid and mucilaginous, as not to pafs 
through a cloth unlefs a fmall quantity of water be added 
during the pounding. Inodorous plants may likewife be 
left to macerate, in order to prepare them for the extraction 
of their juices. The vegetable juices may be clarified by 
fimple repofe, or by filtration; when very fluid, by white of 
egg, or, animal lymph, boiled with them; and when the 
juices contain principles which may be evaporated, fuch as 
thole of fage, baliu, marjoram, &c. the vial which contains 
the juice is plunged in boiling water, after having «(ofed it 
with a paper with a hole pierced through it; and when the 
juice is clarified, it is taken out, dipped in cold water, and 
decanted. 

1 he juice of acacia is extracted from the fame tree which 
affords gum arabic. The fruits of this tree are collected be- 
fore they are ripe; then pounded, preiTed, and the juice 
dried in the fun: it forms balls of a blackifh brown internally, 
redder externally, and of an aflringent tafte. 

A juice is prepared with unripe floes, which is fold under 
the name of German Acacia, and does not differ much from 
that of Egypt. 

The juice of hypociftus is extracted from a parafitical plant 
which grows on the ciftus in the ifland of Crete. The fruit 
is pounded, the juice extracted by preflure, and thickened 
in the fun; it becomes black, and of a firm confidence. 

Thefe two Jafl-mentioned juices are ufed in medicine a; 
aflringents. 
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Concerning fuch Principles as efcape from Vegetables by Tranfpirauon, 
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EGETABLES being endued with digeftive 
organs, throw off all fuch principles as cannot be aflimilated. 
by them ; and when the functions of the vegetable are not 
favoured by fuch caufes as facilitate them, the nutritive juices 
are rejected nearly unaltered. We (hall here attend to three 
principal fubftances that exhale from vegetables, viz. air, 
water, and aroma. 
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ARTICLE I. 

Concerning Oxigenous Gas afforded by Vegetables. 

-Dr. Ingenhoivfz published, in the year 1779, Experiments 
tapon Vegetables, in which he affirms that plants poffefs the 
property of emitting vital air when acted upon by the direct 
fays of the fun: and that they emit a very rncphitle air in 
the (hade, and during the night. 

Doctor Pried ley made known the fame refults at the fame 
timers, well as Mr. Senebier of Geneva, who neverthelcfs 
did not-ipablifh a work on this fubject until the year 1782, 
in which h&ftdmjts, as a general principle, that plants fuSer 
vital air to efcape in the fun-friine: but he maintains that 
they do not produce mephitic air in the (hade; and is of 
opinion that, if Dr. Ingenhoufz obtained any, it arofe from 
a commencement of putrefaction in the plant. 

The fimpleit procefs for extracting this gas from vege- 
tables, coniids in immerfmg them under water, beneath an 
inverted glafs veffel. It is then feen, when the fun acts on 
the plant, that fmall bubbles are emitted, which gradually 
grow larger, arife from the fibres of the leaf, and aicend to 
the furface of the fluid. 

All plants do not afford gas with the fame facility. There 
are fome which emit it the moment the fun acts upon them : 
fuch are the leaves of thejacobcea, of lavender, and of fome 
aromatic plants. In other plants the emiffionis flower; but 
in none later than feven or eight minutes, provided the fun's 
light be ilrong. The air is almoft totally furnifhed by the 
inferior furface of the leaves of trees: it is not the fame with, 
herbs ; for thefe afford air from nearly the whole of their 
furface, according to Senebier. 

The leaves afford more air when attached to the plant 
than when Gathered; and the quantity is like wife greater the 
freiher and founder they are. 

Young leaves afford but a fmall quantity of vital air; 
thofe which are full grown afford more, and the more the 
greener they are. Leaves which are injured, yellow, or 
red, do not afford it. 

Frcfh leaves cut in pieces afford air; and theoxigene gas 
is capable of being emitted without the plant being plunged 
under water, as is proved from the experiments of Mr, 
Senebier, 

4 E 



x^o Vegetable Oxigenom Gas. 

The parenchyma of the leaf appears to be the part which 

e air. The epidermis, the bark, and the white 

, do not afford air; and in general it is only the green 

of plants whi'-h afford oxygenous gas. Green fruits 

afford air, but thofe which are ripe do not; and the fame is 

true of grain. 

It is proved that the fun does not act in the production of 
this phenomenon as a body which heats. The emiflion of 
this gas is determined by the light; and I have even obferved 
that a furong light, without the direct action of the fun's 
rays, is fufficient to produce this phenomenon. 

It is proved, by the experiments of Mr. Senebier, that an 
acid diluted in water increafes the quantity of air which is 
disengaged, when the water is not too much acidulated; and 
in this cafe the acid is decompofed. 

Ir has been obferved that the conferva affords much vital 
air ; as well as the green matter which is formed in water, 
and is fuppofed by Ingenhoufz to be a collection of greenifli 
infects. 

Pure air is therefore feparated from the plant by the action 
of light ; and the excretion is ftronger accordingly as the light 
is more vivid. It feems that light favours the work of 
digeftion in the plant; and that the vital air, which is one of 
the principles of almoft all the nutritive juices, more efpeci- 
ally of water, is emitted, when it finds no iubftance to combine 
with in the vegetable. Hence it arifes that plants whofe 
vegetation is the mod vigorous, afford the greatefl quantity 
of air: and hence likewife it is that a fmall quantity of the 
acid mixed with the water favours the emiflion and increafes 
the quantity of oxigenous gas. 

By this continual emiflion of vital air, the Author of 
nature inceilantly repairs the lofs which is produced by ref- 
piration, combuftion, and the alteration of bodies, which 
comprehends every kind of fermentation and putrefaction ; 
and in this manner the equilibrium between the constituent 
principles of the atmofphere is always kept up. 

ARTICLE II. 

CVic -rr.bg the Water afforded by Vegetables. 

Plants likewife <■ nm a ronfiderable quantity of water, in 
the form of vapour, through their pores; and this excretion 
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Wm be eftimated as the mod abundant. Hales has calcu- 
lated that the tranfpiratibn of an adult plant, inch as the 
heiianthus annuus, was in fummer fovea times more eonU- 
derable than that of man. 

Guettard hasobferved that this excretion is always in pro- 
portion to the intenfity of the light, and not of the heat ; fo that 
:there is fcarely any during the night. The fame philofopher 
ihas obferved that the aqueous tranfpiration is mere especially 
•made from the upper furface of the leaf. The water which 
exhales from vegetables is not pure, but ferves as the vehicle 
of the aroma; and even carries with it a fmall quantity of 
extractive matter, which caufesit to corrupt fo fpeed^y; 

The immediate eflbcl: of the aqueous evaporation confifts 
in maintaining a degree of cooinefs in the plant, \ 
prevents its affuming the temperature of the atu\clbhere. 

ARTICLE III. 
Concerning the Arcma, or Spiritus Reftor. 

Each plant has its charaaeriflic fmell. This gdorant 
principle was diftinguiflied by Boerhaave by the name of 
Spiritus Rector, and by the moderns under the name of 
Aroma. 

The aroma appears to be of the nature of gas, from ks 
iinenefs, its invifibiiity, &c. The ilighteft heat is fufficient 
to expel it from plants. Cooinefs condenfes it, and renders 
it more fenfible; and on this account the fmeil of plants is 
much ftronger in the morning and evening. 

This principle is fo fubtile, that the continual emiffion of 
it from a wood or flower does not diminifh its weight, even 
after a very confiderable time. 

The aroma is fometimes fixed in an extract, fometimes in 
an oil, and this lad combination is the molt ufual. It even 
appears to conftitute the volatile character of the eiTential or 
volatile oils. 

The nature of the aroma appears to vary prodigiously ; 
at leaf! if we may judge by the organ of fmell, which diftin- 
guiihes feveral fpecies. There are fome which have a nau- 
feous or poifonous effect on the animal ceconomy. Ingen- 
houfz quotes an in (lance of the death of a young woman 
occafioned by the fmell of lilies, in 17 19; and the famous 
Triller reports the example of a young woman who died in 
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confeqtience of the fmell of violets, while another was faved 
by removing the flowers. Martinus Cromems exhibits 
likewife an example of a bifhopof Breflau who died by a 
fimilar caufe. 

The mancenille tree which grows in the Weft-Indies, emits 
very dangerous vapours. The humour which flows from 
this tree is fo unwholefome, that if it drop on the hand it 
raifes a blifter. 

The American plant lobelia longiflora produces a fufTo- 
cating cpprefficn in the breaft. of thofe who refpire in its vi- 
cinity, according to Jacquin, Hortus Vindobonenfis. The. 
rhus toxicodendron emits fo dangerous an exhalation, that 
Ingenhoufz attributes the return of a periodical diforder, 
which attacked the family of the curate of CroiTen in Ger- 
many, to a bench fhaded by this tree, under which they had 
the cuflom of fitting. Every one knows the effects of mulk 
and oriental faffron on certain perfons; and the exhalation 
of the walnut-tree is confidered as very unwholfome. 

.We may here mention the noxious property of thofe canes 
or reeds which in this country are ufed to cover roofs and 
dunghills, &c. Mr. Poitiven faw a man who was very \\\ 
on account of having handled thefe canes: the parts of gene- 
ration were prodigioufly fwelled. A dog which had flept 
itpon the reeds fullered in the fame manner, and was affected 
in the fame parts. 

The method of extracting the aroma varies according to 
its volatility and affinities. It is in general foluble in water, 
alcohol, oils, &c. and thefe fluids are feverally employed to 
ict it from plants which afford it. 

When water or alcohol are ufed, they are diftilled by a 
le heat, and the aroma conies over with them. Simple 
Ion may be ufed; and in this way the lofs of a portion 
of the aroma is avoided. 

Water charged with aroma is known by the name of the 
led water of the fubftance made ufe of. The diitilled 
r of inodorous or herbaceous plants does not appear to 
poffefs any virtue; and the apothecaries have long fince de- 
cided the queflion, by fubftituting fpring water in its place. 
Spirit of wine combined with the fame principle, is known by; 
the name of the fpirit or quinteflcn.ee of the vegetable. 
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When the aroma is very fugacious, fuch as that off lilies, 
jafmine, or toberofe, the flowers are put into a tin cucurbit 
with cotton fteeped in oil of ben. The cotton and the 
flowers are difpofed in alternate layers; the cucurbit is clofed, 
and a gentle heat applied. In this manner the aroma is per- 
manently combined with the oil. 

Thele are the three methods ufed to retain the odorant 
principle. The art of the perfumer confifts in applying 
them at pleafure to various fubftances. 

Perfumes are either dry or liquid. Among the firft wc 
may place the fachets, or little perfumed bags, which contain; 
either mixtures of aromatic plants, or aromas in their native 
ftate; the perfumed powders, which obtain their fmell by a 
few drops of the folution of aroma ; the paftilies or comfits 
which have fugar for their bafis, &c. 

Liquid perfumes moft commonly confifl of aroma dilTolved 
in water or alcohol ; the various liqueurs, or fcented fpirituous 
cordial waters, are nothing; elfe but the fame folutions diluted 
with water, and fweetened with fugar. 

For example, to make the eau divine, the bark of four 
citrons is taken, and put into a glafs alembic, with two 
pounds of good fpirit of wine, and two ounces of good 
orange flower water; after which, diftillation is performed 
on the fand-bath. On the other hand, one pound and a 
half of fugar is dilTolved in one pound and a half of water. 
The two liquors being mixed, become turbid; but, being 
left to (land, the refultis an agreeable liquor. 

. To make the cream of rofes, I take equal parts of rofe 
water, fpirit of wine a la rofe, and fyrup of fugar. I mix 
thefe three fubftances, and colour the mixture with the infu- 
fion of cochenille. 

But it mud be allowed that, in all perfumes which are a 
little complicated, the' nofe is the belt chemifl that can be 
confulted; and a good nofe is asrequifite and elfential to a 
perfumer, as a flrong head is to a geometer. 



SECTION V. 

Concerning the Alterations to which Vegetables are fubjecT: after they ara 
deprived of Life. 
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HE fame principles which maintain life in ve- 
getables and animals, become the fpeediefl agents of their 
deftruction when dead. Nature feems to have en trotted the 
compofition, maintenance, and decompofition of thefe beings 
to the fame agents. Air and water are the two principles 
which maintain the life in living beings ; but the moment 
they are dead they haften their alteration and diffolution. 
The heat itfelf, which aflifted and fomented the functions of 
life, concurs to facilitate the decompofition. Thus it is that 
the frofts of Siberia preferve bodies for feveral months; and 
that in our mountains they are kept for a long time on the 
fnow, when it intercepts the carrying them to the place of 
interment. 

We (hall examine the action of thefe three agents, namely 
heat, air, and water; and we (hall endeavour to fhew the 
power and effect: of each before we fliali attend to their corns, 
bined action. 



CHAP. I. 

Concerning the A&ion of Heat upon Vegetable Subftances, 

-iL HE diflillation of plants by a naked fire is 
nothing but the act of decompofing them by means of fimple 
heat. This procefs was for a long time the only method of 
analyfis. The firffc chemifts of Paris adopted it for the 
analyfis of near one thoufand four hundred plants: and it 
was not till the commencement of the prefent century that 
this labour was difcontinued ; a labour which did not feem 
to advance the fcience, fince in this way the cabbage and 
hemlock afforded the fame products. 

It is clear that an analyfis by the retort ought not to fhew 
the principles of vegetation : for, not to mention that heat 
changes their nature by becoming a condiment part of the 
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principles extracted; thefe principles themfelvcs become 
mixed together, and we can never know their order or (late 
"while in the living plant. The action of the heat moreover 
-caufes the vegetable principles to react upon each other, and 
confounds the whole together. Whence it arifes that alt 
vegetables afford nearly the fame principles; namely, water, 
an oil more or lefs thick, an acid liquor, a concrete fait, and 
a coal or caput mortuum more or lefs abundant. 

Hales took notice that the diftillation of vegetables afforded 
much air; and was even in poffeflion of an apparatus to col- 
lect and meafure it. But in our time the methods of col- 
lecting and confining the gafesare Amplified; and the hydro- 
pneumatic apparatus has proved that the fubftances are 
formed of a mixture of carbonic acid, hydrogene, and fome- 
times a little nitrogene. 

The order in which the feveral products are obtained, and 
the characters they exhibit, lead us to the following obfer- 
vations: 

i . The water which pafTes firfl: is ufually pure, and 
without fmell; but when odorant plants are diftilled, the 
' fir ft drops are impregnated with their aroma. Thefe/ firfl 
portions of water coniift of that which was fuperabundant, 
and impregnated the vegetable tiffue. When the water of 
compofition, or that which was in combination with the ve- 
getable, begins to rife, it carries along with it a fmall quan- 
tity of oil, which colours it; and fome portions of a weak 
acid, afforded by the mucilage and other principles with 
which it exifted in the faponaceous fh.te. The phlegm 
likewife very often contains a fmall quantity of ammoniac : 
and this alkali appears to be formed in the operation itfelf; 
for there are few plants which contain it in their natural 
ftate. 

2. To the phlegm fucceeds an oily principle, little colour- 
ed at firfl:; but in proportion as the diftillation advances, the 
oil which rifes is thicker, and more coloured. They are all 
characterized by a fmell of burning, and an acrid tafte, that 
arife from the impreffion of the fire itfelf. Thefe oils are 
moft of them refinous, and the nitric acid eafily inflames them. 
They may be rendered more fluid and volatile by repeated 
diftillations. 
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3. In proportion as the oil comes over, there fometime^ 
difuls carbonat.e of atqihonfae, which attaches itfclf to the 
fides of the velfels. It-is' liraally foiled with an oil which 
colours it. This fait does not appear to exifl: ready formed 
in vegetables. Rouelle the younger proved that the plants 
which afford the moPc of it, fuch as the cruciferous plants, do 
not contain it in their natural ftate. It is therefore found 
when its component parts are volatilized and reunited by the 
diftillation. 

4. All vegetables afford a very great quantity of gas by 
diftillation; and their nature has an influence on the gafeous 
fubftances they afford. Thofc plants which abound with 
refin, afford much more hydrogenous gas; while fuch as 
abound with mucilage produce carbonic acid. 

The mixture of thefe gafes forms an air which is heavier 
than the common inflammable air, on which account it has 
been found very little adapted to aeroftatic experiments. 

The art of charring wood, or converting it into charcoal, 
is an operation nearly fimilar to the diftillation we have juft 
defcribed. It confii'cs in forming pyramids of wood, or cones 
truncated at their fummit. The whole is covered with earth, 
well beaten, leaving a lower and upper aperture. The inafs 
is then fet on fire; and when the whole is well ignited, the 
combuftion is (lopped by clofmg the apertures through which 
the current of air paffed. By this means the water, the oil, 
and all the principles of the vegetable, are diffipated, except 
the fibre. The wood in this operation lofes three-fourths of 
its weight, and one-fourth of its bulk. According to Fon* 
tana and Morozzo, it abforbs air and water as it cools. I am 
affured, from my experiments in the large way, that pit-coal 
defuiphurated (coaked) acquires twenty-five pounds of water 
in the quintal by cooling; but the coal of wood did not 
appear to me to abforb more than fifteen or twenty. The 
futurbrand of the Icelanders is nothing but wood converted 
into charcoal by the lava which has furrounded it. — See 
Von Troil's Letters on Iceland. 

The charcoal which is the refidue of all thefe diflillations, 
is a fnbftance which deferves an attention more particularly 
becaufe it enters into the compofuion of many bodies, and 
bears a very great part in their phenomena. 
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Charcoal is the vegetable fibre very (lightly changed. It 
mod commonly preferves the form of the vegetable which 
afforded it. The primitive texture is not only diftinguifli- 
Vble, but ferves likewife to in he ftate.and nature of 

"the vegetable which has afforded it. It is fometimes hard, 
fonorous, and brittle; fom , fpongy, and friable ; 

and fome fubftances afford it in afubtle powder, without con* 
fiftence. The coal of oils and refins is of this nature. 

Charcoal well made has neither fmell nor tafte ; and it is one 
of the mod indecompofable fubftances we are acquinted with. 

When dry, it is not changed by diif illation in clofe veliels. 
But, when moid, it affords hydrogenous gas and carbonic 
acid; which proves the decomposition of the water, and the 
combination of one of its principles with the charcoal, while 
the other is diflipated. By hiccdiysdy moiftening and diflil- 
ling charcoal, it may be totally dcliroyed. 

Charcoal combines with oxigene, and forms the carbonic 
acid ; but this combination dees not take place unlefs their 
action be aflifted by heat. The charcoal which burns in a 
chafling-dilh exhibits this refult; and we perceive two very 
immediate effects in this operation :— -i. A difengagement of 
heat, afforded by the tranfition of the oxigenous gas to the 
concrete date. 2. A production of carbonic acid: it is the 
formation of this acid gas which renders it dangerous to 
burn charcoal in places where the current of air is not fufii- 
ciently rapid to carry off the carbonic acid as it is formed. 

Well-made charcoal does not change by boiling in water. 
In procefs of time it gives a flight redd ifh tinge to that fluid, 
which arifes from the folution of the coaly refidue of the oils 
of the vegetable mixed with the coaly refidue of the fibre. 

If the fulphuric acid be digefted upon charcoal, it is decom- 
pofed; and affords carbonic acid, fulphureous acid, and 
fulphur. 

The nitric acid, when concentrated, is decompofed with 
much greater rapidity; for if it be poured upon very dry 
powder of charcoal, it fets it on fire. This inflammation 
may be facilitated by heating the charcoal or the acid. If 
the fluid which arifes in this experiment be collected, it is 
found to be carbonic acid, nitrous gas, and nitric acid. M. 
Proufl has obferved, that when the acid is poured into the 
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: the charcoal, it does not take fire; but that this 
mediately fucceeds if the acid be fuftered to flow 
beneath the coal. It may even be inflamed by throwing it 
upon the citric acid flightly heated. 

If weak nitric acid be digelled upon charcoal, it difTolvcs 
it, affuraes a red colour, becomes pafly, and acquires a bitter 
disagreeable tafte. 

Charcoal, mixed with the fulphuric and nitric falts, decom- 
pbfes them; when combined with oxides, it revives the 
metals. All thefe effecls depend on its very great affinity 
with the oxigene contained in thefe bodies. It is ufed to 
facilitate the decompofition of falt-petre in fome cafes, as in 
the compofmon of gun-powder, the black flux, &c. 

Rouelle has obferved that the fixed alkali diffolves a good 
quantity of charcoal by fufion. The fame chemift has difco- 
vered that the fulphure of alkali diifolves it in the humid as 
well as the dry way. 

Charcoal is likewife capable of combining with metals. 
It combines with iron in its firil fufion, and mixes with it 
likewife in the cementation by which fteel is formed. When 
combined with iron in a fmail proportion of the metal, it con- 
ftitufes plumbago. It is likewife capable of combining with 
tin by cementation; to which metal it gives brilliancy and 
liardnefs, as I find by experiment, 



CHAP. IT. 
Concerning the Aclion of Water fingly applied to Vegetable;. 

V * E may confider the aclion of water upon vege- 
tables in two very different points of view. Either the 
chemift applies this fluid to the plant itfelf, to extracl and fe- 
rtile juices from the ligneous part: or elfe the plant 
itfelf, being immerfed in this fluid, is from this time deli- 
vered to its fingle action; and in that fituation becomes gra- 
dually changed and decompofed in a peculiar manner. In 
thefe two cafes, the producls of the operations are very dif- 
ferent. In the firft, the ligneous texture remains untouched, 
and the juices which are Separated remain unchanged in the 
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fluid: in the fecond, more efpecially when vegetables fer- 
ment in heaps, the nature of the juices is partly changed, 
but the oils and reiins remain confounded with the ligneous 
tifTue; fo that the refultis a mafs in which the diforganized 
vegetable is feen in a ftate of mixture and confufion of the 
various principles which compofe it. 

The chemiit applies water to vegetables, to extraS their 
juices, according to two methods, which conllitute infuiion 
and decoction. 

^ Infufion is performed by pouring upon a vegetable a fuffi - 
cient quantity of hot water to dififolveall its principles. The 
temperature of the water mud be varied according to the 
nature of the plant. If its texture be delicate, or the ar-omi 
Very fugacious, the water mull be flight'y heated; but boiling 
water may be ufed when the texture is hard and folid, and 
more efpecially when the plant has no fmell. 

Decoction, which confids in boiling water with the vege- 
table, ought not to be employed but with hard and inodo- 
rous plants. This method is rejected by many chemifts ; 
becaufe they affirm that, by thus tormenting the plant, a 
confiderable quantity of fibrous matter becomes mixed with 
the juices. Decoction is generally baniflied from the treat- 
ment of odorant plants, becaufe it diiTipates the volatile c ; l 
and aroma. The decoction ufed in our kkcheos to preoare 
leguminous plants for food, has the inconvenience of extract- 
ing all the nutritive parts, and leaving only the fibrous pa- 
renchyma. Hence arifes the advantage of the American pot 
or boiler, in which the garden-fluff is boiled by fimplic 
vapour, and confequently the nutritive principle remains in 
the vegetable; to which advantage we may ad :' ufing 

any water whatever, becaufe thefteam. alone is applied to the 
intended purpofe. 

But the infufion, deco&ioo, and Clarification of juices 
not left to the choice of the chemiit, when it is reqi 
prepare any medicine; for thefe methods produce fu 
varieties in the virtue of remedies. Thus, for example- 
cording to Stcrck, the concentrated juice of hemlock hi 
good qualities unlefs it be e d without being c'ar 

In treating juniper b y infuficn, and evaporation 

a water bath to the confidence of honey, an aromatic e>- 
is obtained, of a faccharine colour: the decoction of 
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lame berries affords a lefs fragrant and lefs refmous extracl, 
becaufe the refin feparates from the oil, and falls down. 

The extract of r. which is called refine in France, 

and mod: fweetmeats, are prepared in this way. 

Extracts are prepared in the large way for fale by the 
2-iUi tance of wafer. We fhall confine ourfelves to fpeak of 
two only, the juice of liquorice and of cachou. The firfl 
will afford an example of decoction, and the fecond of in- 
fufion. 

The ex! racl of liquorice is prepared in Spain by decoction 
of the fhrub of the fame name. This plant grows abun- 
dantly near our ponds; and we might at a final! expencc 
avail ourfelves of this fpecies of induftry : I have afcertained 
that a pound of this root affords two or three ounces of good 
extract. The apothecaries afterwards prepare it in various 
ways for their feveral purpoies, and to render its ufe more 
convenient and agreeable. 

• The cachou is extracted in the Eaff. -Indies from an infu- 
sion of the feeds of a kind of palm. While the feed is yet 
green, it is cut, infufed in hot water; and this infufion is 
■evaporated to the confidence of an extract, which is afterwards 
made into lumps, and dried in the fun. . M. de JuiTieu com- 
municated to the Academy, in the year 1720, remarks by 
%vhich he ascertains that the differences in the feveral kinds 
of cachou arife from the various degrees of maturity in the 
feeds, an - .-ater or k lefs with which the extract 

is dried. 

The cachou of commerce is -ufually impure; but it may be 
cleared of its impurities by ditioiving, filtering, and evapo- 
rating" it feveral times. 

The tafte of cachou is bitter and aftringeht. It dilTolves 
very well in the mouth, and is ufed as a reiterative for weak 
itomachs: it is made into comfits by the addition of three 
ihgar, and a t quantity of gum adragant. 

When vegetables are immerfed in water, their texture 
maes relaxed; ail the fallible principles are carried off; 
and there remains only the fibrous part diforganized, and 
•egnated with vegetable oil, altered and hardened by 
the reaction of other principles. This tranfition may be 
very \ - d in marfhes, where plants grow and perifh 

in great numbers, funning mud by their decom|>ofitk>n. 
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The.e ftrata of decompofcd vegetables, when taken out of 
the water and dried, may be ufed as the material of combuf- 
ticn. The fmell is unwholefome; but in mops, or place* 
where the chimneys draw well, this combuftible may be ufed. 

"Vegetables have been confidered as the caufe of the for- 
mation of pit-coal; but a few forefts being buried in the 
earth, are not fufficient to form the mountains of coal which 
exill in its bowels. A greater caufe, more proportioned to 
the magnitude of the effecT, is required ; and we find it only 
in that prodigious quantity of vegetables which grow in the 
leas, and is ftill encreafed by the immenfe mafs of thofe which 
are carried down by rivers. Thefe vegetables, carried away 
by the currents, are agitated, heaped together, and broken 
by the waves; and afterwards become covered with ftrata of 
argillaceous or calcareous earth, and are decompofed. It is 
eafier to conceive how thefe maffes of vegetables may form 
ftrata of coal, than that the remains of {hells fhouldform the 
greater part of the globe. 

The direft proofs which may be given of the truth of this 
theory are- — 

1. The prefence of vegetables in coal mines. The bam- 
boo and bannana trees are found in the coal of Alais. It is 
common to find terreftrial vegetables confounded with marine 
plants, 

2. The prints of fhells and of fifli are likewife found in 
the ftrata of coal, and not unfrequently fhells themfelves. 
The pit-coal of Orfan and that of Saint-Efprit contain a pro- 
digious number. 

3. It is evidently feen,by the nature of the mountains which 
contain charcoal, that their formation has been fubmarine ; 
for they all confift either of fchiftus, or grit, or limeftone. 
The fecondary fchiftus is a kind of coal in which the earthy 
principle predominates over the bituminous. Sometimes 
even this fchiftus is combuftible, as is feen in that of St. 
George near Milhaud. The texture of the vegetables, and 
the impreftion of fifh, are very well preferved in the fchiftus. 
The origin of the fchiftus is therefore fubmarine; and con- 
fequently fo likewife muft be the origin of the coal diftri- 
buted in ftrata through its thicknefs. 

The grit-ftone confifts of fand heaped together, carried 
\vl\q the lea by the rivers, and thrown up agamil the ftioies 
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by the waves. The ftrata of bitumen which arc few 
thefe cannot therefore but come from theilu. 

Calcareous earth rarely contains ftrata of coal, but is 
merely impregnated with it, as at St. Ambroife, at Servas, 
&c. where the bitumen forms a cement with the calcareous 
earth, 

Concerning Pit-Co^l. 

Pit-coal is ufually found in ftrata in the earth, almofl 
always in mountains of fchiftus or grit. It is the property 
of coal to burn with flame, and the emiffion cf much fmoke. 

The fecondary fchiftus is the bafis of all pit-coal, and the 
quality of the coal moftly depends upon the proporticn of 
this bafis. When the fchiftus predominates, the coal is 
heavy, and leaves a very abundant earthy refidue after its 
combuftion. This kind of coal is veined internally with flat 
pieces, or rather feparate maffes, of fchiftus nearly pure, 
V\ hich we ca&fichesi 

As the formation of the pyrites, as welt as that of coal, 
a , from the decompofition of vegetable and animal fub- 
fta s, all pit-coal is more or lefs pyritous; fo that we may 
confid * pit-coal as a mixture of pyrites, fchiftus, and bitu- 
men. The different qualities of coal arife therefore from the 
difference in the proportions of thefe principles. 

"When the pyrites is very abundant, the coal exhibits 
yellow veins of the mineral, whi.h are decompofed as foon 
as they come in contact with the air; and form an efflore- 
fcence of fulphate of magnefia, of iron, of alumine, &c. 

When pyritous coal is fet on fire, it emits an iufupportable. 
fmeil of fulphur; but when the combuftion is infenfible, in- 
flammation is frequently produced by the decompofition of 
the pyrites; and it is this which occaficns the inflammation 
of feveral veins of coal. There are reins of coal on fire at 
St. Etienne in Forez, at Cramfac in Rouergue, at F 
cremadein the dioccfe of Beziers; and it is not rare to fee 
the fire deftroy confiderable mafles of pyritous coal, \ 
the decompofition is favoured by the concurrence of air and 
water. If the inflammation b rabte 

mafles of bitumen, the effects are then mors Striking; an 
is to a caule of this nature that we pught to refer tl 
and effect of volcano?. 
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When the fchiftus, or flaty principle, predominates in 
coals, they are then of a bad quality, becaufe their earthy 
refidueis more confiderable. 

The beft coal is that in which the bituminous principle is' 
the mod abundant, and exempt from all impurity. This 
coal fweels up when it burns, and the fragments adhere 
together: it is more particularly upon this quality that the 
practice of the operation called defulphurating or purifying 
of coal depends. This operation is analogous to that in 
ghica wood is converted into charcoal. In the defulphura- 
tion, pyramids are made, which are fet on fire at the centre. 
' When the heat has ftrongly penetrated the mafs, and the 
flame iffues out of the fides, it is then covered with moid 
earth ; the combuflion is furTocated, the bitumen is diflip 
in fmoke, and there remains only a light fpungy coal, which 
attracts the jir and humidity, and exhibits the fame pheno- 
mena in its combuflion as the coal of wood. When it is 
well made, it gives neither flame nor fmoke j but it produces 
a ftrongcr heat than that of an equal mafs of native coal. 
This operation received the name of defulphurating (defou- 
frage) from a notion that the coal was by this means depri- 
ved of its fulphur; but it has been proved that all coals which 
are capable of this operation, contain fcarcely any fulphur. 

It was for a long time fuppofed that the fmell of pit-coal 
wasunwholefome; but the contrary is now proved. Mr. 
Venel has made many experiments on this fubjecl, and is 
convinced that neither man nor animals are incommoded by 
this vapour. Mr. Hoffman relates that diforders of the 
lungs are unknown in the villages of Germany, where this 
combuftible only is ufed. I think that coal of a good quality 
does not emit any dangerous vapour j but when it is pyritous 
its fmell cannot but be hurtful. 

The ufe of coal is generally applicable to the arts ; and 
nature appears to have concealed thefe magazines of combuf- 
tible matter, to give us time to repair our exhaufled forefts. 
Thefe mines are very abundant and numerous in the king- 
dom of France. Our province contains many; and we have 
more than twenty which are in full work. Pit-coal is appli- 
ed in England even to domeftic ufes, and this part of mine- 
ralogy is very much cultivated in that kingdom. Individuals 
have there undertaken the molt confiderable entcrprizes- in 
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this way. The Duke of Bridgewater has made a canal, a? 
Bridgewater, two thoufand iive hundred toifes in length to 
facilitate the working of the coal mines in Lancalhire. It 
coil five million of livres : part of it is carried under a moun- 
tain; and it pafifes fuccefhvely under as well as over rivers 
and highways. In our province we are in want of roads 
only for the tranfportation of our.coal ; and Languedoc has 
not had the fpirit to perform a work which a private indivi- 
dual has executed in England. 

In Scotland, Lord Dundonald has erected furnaces in 
which the bitumen is difengaged from coal j and the vapours 
are received and condenfed in chambers, over which he has 
caufed a river to flow for the purpofe of cooling them. Thefe 
condenfed vapours fnpply the Englifb navy with as much tar 
as it requires. Becher, in his work intitled " Foolifli Wif- 
dom, or Wife Folly," printed at Franckfort in 1683, affirms 
that he fucceeded in appropriating the bad turf of Holland, 
and the bad coal of England, to the common ufes. He adds 
that he obtained tar fuperior to that of Sweden by a piocefs 
fimilar to that of the Swedes. He affirms that he had made 
this known in England, and {hewn it to the King. 

Mr. Faujas has carried the procefs of the Scotch noble- 
man into execution at Paris. The whole confifts in fetting 
iire to the coal, and extinguifhing it at the proper time, that 
the vapour may pafs into chambers containing water for the 
purpofe of condenfmg them. This tar appeared to be fupe- 
rior to that of wood. 

Pit-coal likewife affords ammoniac by diftillation, which 
is diflblved in water, while the oil floats above. 

"When coal is deprived by combullion of all the oil and 
other volatile principles, the earthy refidue contains the ful- 
phates of alumine, iron, magnefia, lime, &c. Thefe falts are 
all formed when the combullion is flow; but when it is rapid 
the fulphur is diffipated, and there remain only the alumi- 
nous, magnefian, calcareous, and other earths. The alumine 
mod commonly predominates. 

Naptha, petroleum, mineral pitch, and afphaltes, are only 
flight modifications of the bituminous oil fo abundant in pit- 
coal. This oil, which the Ample heat of the decompofition 
of the pyrites is fufHcient to difengage from the coal, receives 
other modifications by the impreifion of the external air. 
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* Petroleum, or El jtrof, is the firft alteration. This 

oil is found near volcanos, in die vicinity of coal mines, &c. 
We are acquainted with feveral fprings of this petroleum. 
e is one at Gabian in the diocefe of Beziers. It is car- 
ried out by the wafler of a fprfag which iniies*from the lower 
part of a mon tofe fumrait is volcanized. 

_ The imell of petroleum is disagreeable: its colour is red- 
dilh; but it may be rendered clear by duiilling it from the 
day of Murvie!. 

Naptha is merely a variety of petrolei 

Near Derbens, on the Cafpaaa Sea, there are fprings of 
fiaptha, which Kempfer vifited about a century ago, and of 
Which he has left a defcription. 

There is a place known by the name of the Perpetual Fire, 
v/here the fire burns without c The Indians do not 

attribute the origin of this inextinguifhable fire to naptha; 
but they maintain that God has coined the Devil in this 
place, to deliver man from him. They go in pilgrimage 
thither, and make their prayers to God that he will not fuf- 
ler this enemy of mankind to ck^-pc. 

The earth impregnated with naptha is calcareous, and 
effervefces with acids; it takes fire by the contact of any 
ignited body whatever. 

This perpetual fire is of great life to the inhabitants of 
Baku. They pare off the furface of this burning foil, upon 
which they make a heap of liineftones, and cover it with the 
earth pared off; and in two or three days the lime is made. 

The inhabitants of the village of Frcgann repair to this 
place to cook their provifions. 

The Indians affemWe from all parts to adore the Eternal 
Being in this place. Several temples were built, one o£ 
which is flill in exiftence. Near the altar there is a tube in- 
ferred in the earth, two or three feet in length ; out of which 
iffues a blue flame, mixed with red. The Indians proftrate 
thcmfelves before this tube, and put themfelves into attitudes 
which are exceedingly ftrange and painful. 

Mr. Gmelin obferves that two kinds cf naptha arediftin- 
guiihed in this country; the one tranfparent and yellow, 
which is found in a well. This well is covered with (tones 
foieared with a cement of fat earth, in which the name of 

4G 
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Kan is engraved ; and no one is permitted to break this fealed 
covering but tbofe who are deputed from the Kan. 

Mineral pitch is likewife a modification of petroleum. It 
is found in Auvergne, at a place called Puits de Lapege, 
near ■Allais, in an extent of feveral leagues, which compre- 
hends Servas, Saint Ambroix, &c. 

The calcareous uone is impregnated with a bitumen wha h 
is foftened by the heat of fummer, when it flows from the 
rock's, and forms a very beautiful ftala&ites. It forms maiTes 
in the fields., and impedes the pafTage of carriages: the pea- 
fants ufe it to mark their fheep. This ftone emits an abomi- 
nable fmell when rubbed. The epifcopal palace of Alais 
Was paved with it in the (.line of Mr. Da\ejan; but it became 
necelTary to fubftitute other ftone in its flead. It is afferted 
that mineral pitch was ufed to cement the walls of Babylon. 
Afp hakes,, or bitumen Judaicum, is black, brilliant, pon- 
derous, and very brittle. 

It emits a fmell by friction; and is found floating on the 
• water of the lake Afphaltites, or the Dead Sea. 

The afphaltes of commerce is extracted from the mines of 
Annemore, and more particularly in the principality of 
Neufchateh Mr. Pallas found fprings of afphaltes on the 
banks of the Sock, in PiufTia. 

Moil natural! fis confide* it as amber decompofed by fire. 
Afphaltes liquefies on the fire, fwells up, and affords flame, 
with an acrid difagrceable fmoke. 

By dilliilatioR it affords an oil refembling petroleum. The 
Indians and Arabs nfe it inftead of tar, and it is a component 
part of the varr.iih (rfthi Chinefe. 

Ytliow amber, , or the electron of the ancients, is 

in yellow or brown pieces^ tr: ^parent or opake, capable of 
a polifh, becon; .;c~tion, &c. 

It is fri 1 . kttefc 

There is no ice on which the imagination of poets 

has been more excrcifed than this. Sophocles had affirmed 
, is formed in India by the tears of the fillers of Me- 
leager, changed into bards, and deploring the fate of their 
brother;, but one cf the mod intcrelting fabulous origins 
which have been attributed to it, is afforded by the fable of 
Phaeton burning the heavens and the earth, and precipitat- 
ed by the thunder of Jove into the waters cf Eridanus. His 
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Tillers arc defcribed weeping; and tl- HI! into 

the waters without mixing with them, became folia v/i';houe 
lofing their tranfparency, and were converted into the yellow 
amber fo highly valued by the ancients. — See B,ii!!y. 

Amber poffeffes lefs coaly matter than any other bitumen. 

It is frequently found difperfed over ftrata of pyriroiv; 
earth, and covered with a flratum of wood, abounding with 
a blackifh bituminous matter. 

It is found floating in the Baltic Sea, on the coafl of Ducal 
Pruflia ; it is alfo found near Siftreron in Provence. 

No other chemical ufe was for a long time made of amber, 
than to form compofitions for medicine and the arts. V/e 
•are indebted to Neumann, Bourdelin, and Pott for a f 
rably accurate analyfis of this bitumen. The two tosfta- 
tuent principles exhibited in the analyfis Gr amber, are tfee 
fait of amber, or faccinic acid, and a bituminous oil. 

To extraft the fucdnic acid, the amber is broken 
fmall pieces, which are put into a retort, and diftilted with a 
Suitable apparatus upon a fand bath. When the fee is care- 
fully managed, the produfts are— i. An infipid phlegm. 
I 2. Phlegm holding a final! portion of acid in (olation. 3. A 
concrete acid fait, which attaches itfelf to the neck of the 
retort. 4. A brov/n and thick oil, which has an acid fmell. 

The concrete fait always retains a portion of oil* in its 
firft difiillation. SchefFer, in his LefTons of Ghemiftry, pro- 
pofes to diitil it with fand 5 Bergmann with white clay; 
Pott advifes folution in water, and nitration through white 
cotton; after which the fluid is to be evaporated, and is I 
to be deprived of the oil, which remains on the cotton. 
Spielmann, after Pott, propofes to dillil it with the muriatic 
acid; it then (ublimes white and pure. Eourdelin clears it 
of its oil by detonation with nitre. This fait is prepared in 
the large way at Koningfberg, where the Shavings and 
of amber are diftitled. 

The fuccinic acid has a penetrating tafle, and reddens the 
tincture of turnfole. Twenty-four parts of coid water 
two of boiling water, diffojve oue of this acid. If a fctu 
folntion of this fait be evaporated, it cryitallizes in main- 
gular prifms, whofe points are truncated. 

* Aclde la the original: doubtkfsby Q-erfi^ht. T, 
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Mr. Be Mcrveau dbfemes that its affinities are barytct, 
lime, alkalis, magnefia, &c. 

The oil of amber has an agreeable fmell: it may be de- 
prived of its colour by didillation from white clay. Rouelle 
diftiiled it with water. When mixed with ammoniac it forms 
a liquid {bap, known by the name of Eau de Luce. 

To make eau de luce, I didblve Punic wax in alcohol, with 
a fmali quantity of oil of amber; and on this I pour the pure 
volatile alkali. 

Alcohol attacks amber, and acquires a yellow colour. 
Hoffmann prepares this. tincture by mixing thefpiritof wine 
with an alkali. 

The medical rife of amber con fids in burning it, and re- 
cek'! r ' . -'pour on the diftafed part. Thefe vapours are 

.rhening, tffjd remove ob(iru£iions. The oil of amber 
plied to the fame ufe. A fyrup of amber is made with 
the (pint of amber and opium, which is ufed to advantage as 
& fed a rive anodyne mt The fined pieces of amber 

arc ufed to make toy?. Wallerius affirms that the mod 
transparent pieces may be ufed to make mirrors, prifms, &c. 
It is f«id that the King of Pruffia has a burning mirror* of 
amber one foot in diameter; and that there is a column of 
amber in the cabinet of the Duke of Florence ten feet high, 
|ik| of a very fine uftre, 

Concerning Volcanos. 

• The combuflion of thofe enormous maffes of bitumen 

lofited in the bowels of the earth, pro< 
volcanos. They owe their origin more efpccially to the drata 
of perilous coal. The dccompofition of water upon 
pyri'fc > the. heat, and the production of a great 

riuantity of hydiogcncus gas, which exerts itfelf againd the 
Surrounding obftaclcs, and at length breaks them. This 
feffect is the chief caufe of earthquakes; but when the con- 
fe of air facilitates the combuflion of the bitumen and 
ous gas, the flame is feen to ifiue out of the 
chimneys or vents which are made: and this occafions the 
fixe of volcanos. 

* ' 

abtthat it iliouidbeimr. X. 
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. There are many volcanos flill in an active ftate on our globe, 
independent of thofe of Italy, which are the mod known. 
The abbe Chappe has defcribed three burning in Siberia. 
Anderfon and Von Troil have defcribed thofe of Iceland; 
Afia and Africa contain feveral : and we find the remains of 
thefe fires or volcanic products in all parts of the globe. 

Naturalifts inform us that all the fouthern iflands have 
been volcanized; and they are feen daily to be formed by 
the action of thefe fubterraneous fires. The traces of fire 
exift. even immediately around us. The fmgle province of 
Languedoc contains more extinct volcanos than twenty years 
ago were known to exift through all Europe. The black 
colour of the (tones, their fpungy texture, the other products 
of fire, and the identity of thefe fubftances with thofe of the 
volcanos at prefent burning, are all in favour of the opinion 
that their origin was the fame*. 

* A volcano was announced and defcribed to be burning in Languedoc, 
reflecting which it is neceffary to give Tome elucidation. This pretended 
volcano is known by the name of the Phofphorus of Venejan. 

Venejan is a village fituated at the distance of a quarter of a league from 
the high read between St. Efprit and Bagnols. From time immemorial, 
at the return of fpring, a fire was feen from the high road, which increafed 
during the fiimmer, was gradually extinguished in autumn, and was vifible 
only in the night. Several perfons had at various times directed their 
courfe from the high road, in a right line towards Venejan, to verify the 
fact upon the fpot: but the neceffity of defcending into a detp valley before 
they could arrive thither, cccafioned them to lofe fight of the fire; and on 
their arrival at Venejan no appearance was feen in the lead: refembling the 
fire of a volcano. Mr. de Genfiane defcribes this phenomenon, and com- 
pares it to the flaming of a ftrong aurora borealis : he even fays that the 
Country is volcanic. Hilt. Nat. du Languedoc, Diocefe de'Uzes. — At 
length, in the ccurfe of the laft four or five years, it was obferved that thefe 
fires were multiplied in the fpring; and that, inftead of one, there were 
three. Certain philofophers of Bagnols undertook the project of examin- 
inrr this phenomenon more clofely; and for thte purpofe they repaired to a 
fpot between the high road and Venejan, armed with torches, fpeaking 
trumpets, and every other implement which they conceived to be neccfTary 
for making their cbfervations. At midnight, four or five of the party were 
deputed and directed towards the fire ; and thefe who remained behind di- 
rected them constantly in their way by means of their fpeaking trumpets. 
Thev at kit arrived at the village, where they found three groupes of women 
v/inding filk in the middle of the ftreet by the light of a fire made of hemp 
(talks. All the volcanic phenomena then difappeared, and the explanation 
of the obfervations made on this fubject became very fimple. In the fpring, 
the fire v/as weak, becaufe it was fed with wood, which afforded he.it and 
light; during the fiimmer, hemp (talks v/crc burned, becaufe light only. was 
'.. At that e were three fires, becaufe the fair of Saint Efprit 
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hen the decompofition of the pyrites is advanced, and 
the vapours and elaftic fluids can no longer be contained in 
the bowels of the earth, the ground is (haken, and exh" 
the phenomena of earthquakes. Mephitic vapours are 
multiplied on the furface of the ground, and dreadful hollow 
noifes are heard. In Ijeland, the rivers and fprings arc 
fwallowed up: a thick fmoke, mixed with fparks and 1. 
ning, is then difengaged from the crater; and naturaiifts 
have obferved that, when the fmoke of Vefuvius takes the 
form cf a pine, the eruption is near at hand. 

To thefe preludes, which fhew the internal agitation to be 
great, and that obflacles oppofe the ilTue of the volcanic 
ttiatters, fucceeds an eruption of (tones and other produces, 
which the lava drives before it; and laftly appears a river 
foFk'va, which flows out, and fpreads itfelf down the fide of 
the mountain. At this period the calm is reftored in the 
la of the earth, and the eruption continues without 
earthquakes. The violent efforts of the included matter 
fomctimes caufe the fides of the mountain to open; and this 
is the caufe which has fucceflively formed the (mailer moun- 
tains which furround volcanos. Montenuovo, which is a 
huncr: : and eighty feet high, and three thoufand in breadth, 
Was formed in a night. 

This crifis is fomctimes fucceeded by an eruption cfafnes 
■which darken the air. Thefe allies are the lait refultof the 
alteration of the coals ; and the matter which is firft thrown 
out is that which the heat has half vitrified. In the year 
1767, the afhes of Vefuvius were carried twenty leagues out 
to fea, and the ftreets of Naples were covered with them. 
The report of Dion, concerning the eruption of Vefuvius in 
the reign of Titus, wherein the allies were carried into Afri- 
ca, Egypt; and Syria, feems to be fabulous* Mr. deS.uif- 
fure cbferves that the foil of Rome is of this character, and 
that the famous catacombs are all made in the volcanic allies. 

It mud be admitted, however, that the force with which 
all thefe products are thrown, is aftoniihing. In the year 

was near at hand, at which they fold their fi!k, and which c 
the necefh: 1 work. As the! 

the country 
ies 
(aken for a volcanic . 
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$769* aftone twelve feet high, and four m circumference^ 
was thrown to the diilance of a quarter of a mile from the 
crater: and in the year 1771, Sir William Hamilton obser- 
ved flones of an enormous fize, which employed eleven fe- 
bonds in fulling. 

I 7 "^ e eru ption of volcanos is frequently aqueous : the water, 
which is confined, and favours the decompofition of the 
pyrites, is fometimes ftrongly thrown out. Sea fait is found* 
among the ejected matter, and likewife fal ammoniac. In 
the year 1630, a torrent of boiling water, mixed with lava, 
deftroyed Portia and Torre del Greco. Hamilton faw boil- 
ing water ejected. The fprings of boiling water in Iceland, 
and all the hot formes which abound at the furface of the 
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globe, owe their heat only to the decompofition of pyrites. 

Some eruptions are of a muddy fubftance; and thefe form 
the tufa, and the puzzolano. The eruption which buried 
Herculaneum is of this kind. Hamilton found an antique 
head, whofe impreifion was well enough preferved toanfwer 
the purpofe of a mould. Herculaneum, at the lead depth 
is feventy feet under the furface of the ground, and often at 
©ne hundred and twenty. 

The puzzolano is of various colours. It is ufually red- 
jlim; fometimes grey, white, or green: it frequent;;/ confifts 
of pumice (lone in pouder; but fometimes it is formed of 
calcined clay. One hundred parts or red puzzolano afford- 
ed Bergman, filex 55, alumine 20, lime 5, iron 20. 

When the lava is once thrown out of the crater, it rolb 

in large rivers down the fide of the mountain to a certain 

diftance, which forms the currents of lava, the volcanic 

ways, &c. The furface of the lava cools, and forms a 

folid cruil, under which the liquid lava flows. After the 

eruption, this cruft fometimes remains, and forms hollow 

galleries, which Meffrs. Hamilton and Ferber have vifited: it 

is in thefe hollow places that the fal ammoniac, the marine 

fait, and other fubitances, fublime. A lava may be turned 

out of its courfe by oppofing banks cr dikes againft it: this 

tyas done in 1669, to fave Catania; and Sir William Ha- 

1 propofed it to the king of Naples, to preferve Portici. 

e currents of lava fometimes remain feveral years in 

rig; Sir William Hamilton obferved, in 1769, that the 

lava which flowed in 1766 was ftill frnoking in fome places. 
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t When the current of lava is received by water, its coc ; 
is quicker j and the rnafs of Java {brinks lb as to become di- 
vided into thofe columns which are called bafakes. The 
famous. Giants Caufeway is the moil aftonifliing efleft of this 
kind which we are acquainted with. It exhibits thirty 
thoufand columns in front, and is two leagues in length along 
the fea coaft. Thefe columns are between fifteen and fixteen 
inches in diameter, and from twenty-five to thirty feet long. 

The bafaltes are divided into columns of four, five, fix, and. 
feven fides. The emperor Vefpafian made an entire flame, 
with lixteen children, out of a fmgle column of bafaltes, 
which he dedicated to the Nile, in the temple of Peace. 

Bafaltes afforded Bergman, per quintal, iilex $6, alumine 
15, lime 4, iron 25. 

Lava is fometimes fwclled up and porous. The lightest 
is called pumice-done. 

The fubftances thrown out by volcanos are not altered by 
fire. They eject native fubdances, fuch as quartz, cryflals 
of amethyft, agate, gypfum, amianthus, feld-fpar, mica, 
fliells, fchorl, &c. 

The fire of volcanos is feldom ftrong enough to vitrify the 
matters it throws out. We know only of the yellowifh ca- 
pillary and flexible glafs thrown out by the volcanos of the 
ifland of Bourbon on the fourteenth of May 1766 CM. Com- 
merfon), and the lapis gallinaceus ejected by Hecla. Mr. 
Egolfrjoufon, who is employed by the Obfervatory at Co- 
penhagen, has fettled in Iceland, where he ufes a mirror of 
a telefcope which he has made out of the black agate of 
Iceland. 

The flow operation of time decompofes lavas, and their 
remains are very proper for vegetation. The fertile ifland 
of Sicily has been every where volcanized. I obferved fe- 
veral ancient volcanos at prefent cultivated; and the line 
which feparates the other earths from the volcanic earth, 
conftitutes the limit of vegetation. The ground over the 
ruins of Pompeia is highly cultivated. Sir William IT imil- 
ton confiders iubterrancan fires as the great vehicle u fed by 
nature to extract, virgin earth out of the bowels of the globe, 
and repair the exhaufied furface. 

The dccompofition of lava is very flow. Strata of vege- 
table earth, and purs lava, are occafionally found aj 
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one over the other; which denote eruptions made at diftan* 
ces of tiuij very remote from each other, fmce it requires 
nearly two thoufand years before Java receives the plough. 
An argument has been drawn from this phenomenon to prove 
the antiquity of the globe: but the filenceof the molt anci- 
ent authors concerning the volcanos of our kingdom, of 
which we find fuch frequent traces, proves that thefe vol- 
canos have been extinguilhed from time immemorial; a cir- 
cumtlance which carries their exigence to a very diftant 
period. Befides this, feveral thoufand years of connected 
obfervations have not afforded any remarkable change in 
Vefuvius or Etna; neverthelefs, thefe enormous mountains 
are ali volcanized, and confequently formed of ftrata applied 
one upon the other. The prodigy be. ernes much more 
ftriking, when we obferve that all the furrounding country, 
to very great diftances, has been thrown out of the bowels 
of the earth. 

The height of Vefuvius above the level of the fea is three 
thoufand fix hundred and fifty-nine feet; its circumference 
thirty-four thoufand four hundred and forty-four. The 
height of Etna is tea thor/.md and thirty-fix feet; and its 
circumference one hundred and eighty thoufand, 

The various volcanic products are applicable to feveral ufes. 

i. The puzzolano is or admirable ufe for building in the 
wr.ter: when mixed with lime, it fpeedily fixes itfelf; and 
r does not foften it, for it becomes continually harder 
and harder. I have proved that calcined ochres aiTord the 
fame advantage for this puroofe; they are made into balls, 
and baked in a potter's furnace in the ufual manner. The 
experiments made at Sette, by the commiflary of the pro- 
vince, prove that they may be fubfiituted with the greateft 
advantage, inltead of the puzzolano of Italy. 

2. Lava is likewife fufceptible of vitrification; and in this 
date it may be blown into opake bottles of the greated light - 
neis, as I have done at Erepian and at Alais. The very- 
hard lava, mixed in equal parts with wood allies and foda, 
produced an excellent green glafs. The bottles made of it 
were only half the weight of common bottles, and much 
ftronger; as was proved by my experiments, and thofe which 
. Jolly de Fleury ordered to be made under his admiui- 
({ration. 

4H 
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\. Pumice (lone likewife has its ufes; it is more especially 
10 poiifli mod bodies which are fomew hat hard. It is 
employed in the mafsor in powder, according to the intend- 
ed purpofe. Sometimes, after levigation, it is mixed with 
water to render it fofter. 



CHAPTER III. 

Concerning the Decoropofition cf Vegetables in the Bowels of the Earth, 

HERBACEOUS plants, buried in the earth, are 
{l;>v % / decompofed; but the waters which filter through and 
penetrate them relax their texture. The falls are extracted ; 
and they become converted into a {iratum of blackifh matter, 
in which the vegetable texture is ftill difcernible. Thefe 
ftrata are fometimes perceived in digging into the earth. But 
this alteration is infinitely more perceptible in wood itfelf, 
than in herbaceous plants. The ligneous body of a tree 
buried under the ground becomes of a black colour, more 
friable, and breaks fliort; the fra&ure is (liining; and the 
whole mafs appears, in this ftate, to form an uniform fub- 
flance, capable of the fineft poiifli. The wood thus changed 
is called Jet. In the environs of Montpellier, near St. Jean 
de Cucuie, feveral cart loads of trunks of trees have been 
dug up, whole form was perfeaiy preferved, but which were 
converted into jet. I have myielf found a wooden peal con- 
verted into jef* In the works at Nifmes pieces of wood were 
found entirely convened into the (late of jet. In the neigh- 
bourhood of V.uhery, in Gcvaudan, a jet is found, in which 
the texture o: e.t tree is very diicernible. The te 

of the beech is feen in the jet of Bofrup in Scania. In Guelbre 
a foreif of ts been difcovered buried beneath the fand ; 

and atBeichKtz two ftrata of coal are wrought, according to 
Mr. Jarsj the one bituminous, and the other of foffil wood. 
Ipreferve in the cabinet of mineralogy of Languedoc, fede- 
ral pieces of wood whofe external part is in the (late of jet, 
while the internal part dill remains in the ligneous (late; fo 
that the transition from the one to the other may be obierved. 
Jet is capable of receiving the mod perfect polifh. It is 
made into toys fueh as buttons, fnufF-boxcs, necklaces, and 
other ornamaus. It is wrought in Languedoc, near Saint 
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€o1ombe> at the d ilia nee of three leagues from Caftelnau- 
dray. It is ground down, and cut into facets, by mills. 

Jen foftens in the fire, and bums with the emiiTion of a 
fetid odour. It affords an oil which is more or lefs bi'ick, 
but may be rendered colouriefs by repealed dptiiiations from 
the earth of Murviel. v 



CHAPTER IV. 
Concerning the Adtion of Air and Heat upon Vegetables. 

W HEN the heat is applied to a vegetable expofed 
to the air, certain phenomena are produced, which depend 
on the combination of pure air with the inflammable prin- 
ples of the plant; and this is combuflion. 

In order to produce a commencement, a heated body is' 
applied to the dry wood which is intended to be fet on lire. 
By this means the principles are volatilized in the fame or- 
der as we have pointed out in the preceding article. A fmoke 
Is produced, which is a mixture of water, oil, volatile falts., 
and all the gafeous products which refult from the combi- 
nation of vital air with the feveral principles of the vegetable. 
The heat then increafes by the combination of the air itfelf, 
bscaufe it paiies to the concrete (late: and when this heat is 
carried to a certain point, the vegetable takes fire, and the 
jcombiulion proceeds until all jthe inflammable principles are 
de'iroyed. 

In this operation there is an abforption of vital air, and a 
production of heat and light. The combuflion will be 
ftronger in proportion as the inflammable principle is more 
abundant, as the aqueous principle is lefs abundant, as rhe 
wood is more refinons, and as the air is purer and more coii- 
denfed. 

The difengagcrnent cf heat and light is more considerable, 
accordingly as the combination of vital air is ftfbnger ftl a 
given time. 

The refidues of combuflion confift of fubftances which are 
volatilized, and fixed fubftances ; the one forms the foot, the 
other theaihes. 

The foot partly arifes from fubftances imperfectly burned, 
deeompofed only in part, which have efcaped ffifi action 1 of 
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vital air. Rcnce it is that the foot may be burned over 
again: and hence likewife it is that, when the combuftion is 
very rapid and effectual, there is no perceptible fmoke; be- 
cause all the inflammable matter is then deflroyed, as in the 
cylinder lamps, -violent fires, &c. 

The analyfis of foot exhibits an oil which may be extract- 
ed by diftillation; a refin which may be taken up by alco- 
hol, and which arifes either from the imperfect alteration of 
the refin of the vegetable, or the combination of vital air 
with the volatile oil. It likewife affords an acid, which is 
often formed by the decompofition of mucus; and it is this 
acid, of great utility in the arts, for which the A ademy of 
Stockholm has described a furnace proper for collecting it. 
Soot likewife affords volatile falts, fu h as the carbonate of 
ammoniac, and others. A flight portion of fibrous matter is 
likewife volatilized by the force of the fire, and we find it 
again in the foot. 

The fixed principle remaining after combuftion, forms the 
afli-s. They contain falts, earths, and metals, of which we 
-have already (reared. The falts are fixed alkalis, fu I j h ates 3 
nitrates, mup ttes, &c. the metals are iron, gold, mangancfe, 
•&c.,and the 'cartas are alumine, lime, filex, and ftia&neiia. 



CHAPTER V. 

. 

Concerning the AfK-n of Air snd Water, which determine a Commence- 
ment of Fermentation that ieparates the Vegetable Juices from the 
Ligneous Part. 

i EN the decompofition of vegetables is facilitat- 
ed by the alternate action of air and water, their organization 
becom reyed; the connection between the various 

principles is broken; the wafer carries away the juices; and 
leaves the fibna- s ii eletott naked, fufhricnily coherent, and 
fufiicicntly abundant in certain vegetables, to be extracted in 
ay. Hemp is prepared in this manner. The abbe 
Rozier attributes the advantage of watering to the fermen- 
tation of ■ hoi 3 part. M. Prozet has proved that 
hemp contains an extractive and refmous part; and that the 
_:ing deilroys the former, and the fecond is detached 
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almofl mechanically. It has been obferved that. the addition 
of a fniall quantity of alkali favours this operation. 

Running water is preferable to (landing water; beer 
Handing water keeps up and developes a flronger fer.ncn- 
tation, win' h attacks the ligneous part. It has been obser- 
ved that flax prepared in running water is whiter and ilronger 
than that which is prepared in (landing water. The (rag- 
r.ant water has likewife the inconvenience of emitting an un- 
pleafant fmell, pernicious to the animal ceconomy. The ad- 
dition of alkali corrects and prevents this effecl:. 

In the diocefe of Lodeve, the young (hoots of the Spanifh 
genet are prepared by a very fimple prccefs. It is fown on 
the high grounds, where it is left for three years; at the end 
of which time the {prigs or young (hoots are cut, and formed 
into bundles, which are fold from twelve to fifteen fous each. 
The fir ft operation confifts in crufhing them with a beetle. 
The following day they are laid in a running ftream,' with 
Hones upon them, to prevent their being wafhed away. In 
the evening they are taken out, and laid in a heap on the 
banks of the river, upon draw or fern, covering them with 
the fame, and loading the heap with (lones: this operation 
they call metirc a couvert. Every evening they throw water 
on the heap. At the end of eight days they open the mafs, 
and find that the bark is eafily feparated from the wood. 
They take the packets, one after the other, and beat and 
rub them (Irongly with a flat (lone, till the epidermis of the 
extremities is well cleared off, and the whole (tern becomes 
• white. It is then hung to dry; and the bark which was 
feparated from the ligneous fubftance, is carded and fpun, 
and made into very ufeful cloth. The peafants are ac- 
quainted with no other linen for cloths, facks, (hirts, &c. 
Every one prepares his own, none being made for fale. 

The genet, geniita juncea, has likewife the advantage of 
affording a green food to cattle during the winter; at the 
fame time that it fupports the earth by its roots, and prevents 
its being carried down into the valleys'. The bark of the 
mulberry tree may be treated in the fame manner. Or 
. de Serres has defcribed a good procefs for this purpofe. 

It is the ikeleton formed by the vegetable fibre only, and 

_ prived of all foreign matter,, which is ufed to make cloth ; 

.- is the moll incorruptible principle of vegetauoiij and When 
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this fibre, being converted into cloth, can no longer be ufect 
as fiich, it is fubjected to extreme divifion, to convert it into 

paper. The operations for this purpofe are the following : 

The rags are cleaned, and laid in water to rot ; after which 
they are torn by hooked pellles moved by water: the fe- 
cond peftles under which they are made to pafs, are not 
armed with hooks like the fail, but merely with round nails: 
the third are of wood only. By this means the rags are 
converted into a pafte, which is attenuated dill more by 
boiling. This pafte is received in wire moulds, dried, and 
forms blotting paper. Writing paper is dipped in fize, and 
fometimes glazed. 



CHAPTER VI. 
Concerning the Action of Air, of Heat, and of Water upon Vegetables. 

VV HEN the. various juices of vegetables are diffu- 
fed in water, and the action of this fluid is favoured by the 
combined a&ion of air and heat, a decomposition of thefe 
juices enfues. , The oxigenous gas may be confidered as the 
fir ft agent of fermentation: it is afforded either, by the at-. 
rnofphere, or by the water which is decompofed, 

It was from an obfervation of thefe facts that Berher 
thought himfelf authorized to confider fermentation as a kind 
of combuftion: — Nam combuftio, feu calcinatio per fortem. 
ignem, licet putrefaction is fpecies, eidemque analcga fit—- . 
fermentatio ergo definitur, quod fit corporis denfioris rare- 
faclio, particulammque aerearum interpofitio, ex quo con- 
cluditur dcbere in aere fieri, Hec nimium frigido nee nimium 
calido, ne partes raribiles expellantur, in aperto tamen vafe, 
vel tantum vacuo ut partes rarefieri queant; nam ihicla c!o- 
fura, et vafis impletio, fermentation em totaliter impedit."— r 
Becher,Phyf. Subfr. f. i. 15, v. cap. 11, p. 313. 

The conditions neceffary for the eftablifhment of fermen- 
tation are-— 1. The contact of pure air. 2. A certain 
degree of heat. 3. A quantity of water more or lefs confi- 
derable, which produces a difference in the effects. 

The phenomena which efTentially accompany fermentation, 
are — 1. The production of heat. 2. Ihe abforplion 01 oxi- 
genous gas. 
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^Fermentation maybe affifted— i. By increafmg the mafs 
ei fermentable matter. 2. By ufing a proper leaven. 
- 1. By increafmg the fermentable mafs, the principles olt 
which the air muft act are multiplied; confequently the action 
i)f this element is facilitated ; more heat is therefore produced 
by the fixation of a greater quantity of air; and confequent- 
ly the fermentation is promoted by the two caufes which 
mod eminently maintain it, heat and air. 

2. Two kinds of leaven may bediftinguiihed. 1. Bodies 
eminently putrefcible, the addition of which haftens the fer- 
mentation. 2. Thofe which already abound with oxigene, 
and which confequently aiford a greater quantity of this 
prin iple of fermentation. This effect is produced by the 
inhabitants of the banks of the Rhyn, by throwing frefh 
meat into the vintage, to haften the fpirituous fermentation 
(Linne Amcenit. Acad. Difiert. de Genefi Calculi): and fo 
like wife the Chinefe throw excrements into a kind of beer, 
made of a decoction of barley and oats. And on this account 
it is that the acids, the neutral falts, chalk, rancid oils, and 
the metallic calces, &c. haften fermentation. 

■The produces of fermentation have caufed different fpe- 
cies to be diftinguifhed : but ibis variety of effects depends 
on the variety of principles in the vegetables. When the 
faccharine principle predominates, the refult of the fermen- 
tation is a fpirituous liquor ; when, on the contrary, the muci- 
lage is molt abundant, the product is acid; if the gluten be 
one of the principles of the vegetable, there will be a pro- 
duction of ammoniac in the fermentation: fo that the fame 
fermentable mafs may undergo different alterations, which 
always depend on the nature and refpective properties of the, 
conftituent principles, the fufceptibility of change, 'feci 
Thus a faccharine liquid, after having undergone the fpiri- 
tuous fermentation, may be fubjected to the acid fer- 
mentation by the decompofition of the mucilage which 
had refilled' the fir ft fermentation: but in all cafes the 
concourfe of air, water, and heat, is neceifary to enve- 
lope fermentation. We mall therefore confine ourselves to 
the examination of thefe three agents: 1. On the juice 
tracted from vegetables, and diltufed in water, which confti- 
tutes the fpirituous and acid fermentations ; 2. On the vege- 
table itfelf, which will lead us to the formation of vegetable 
mould, ochres, &c. 
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ARTICLE I. 

Concerning the Spirituous Fermentation and its Produces. 

That fermentation is diilinguimed by the name of Spiri- 
tuous, which affords ardent fpirit, or alcohol, as its produd 
or refult. 

It may be considered as a fundamental principle, that no 
fubftances are capable of this fermentation but faccharine 
bodies. Furefugar mixed with water forms tafEa, or rum, 
by fermentation ; and we find this principle in the analyfis of 
all the bodies Vvhich are fufceptible of it. 

In order to dcvelope this fermentation, there is required, 
i. The accefs of air. 2. A degree of heat between ten and 
fifteen of Reaumur. 3. The divifion and expreilion of the 
juice contained in the fruits, or in the plant. 4. A mafsor 
volume fomewhat confiderable. 

We will make the application of thefe principles to the 
fermenta-ion of grapes. When thefe are ripe, and the fac- 
charine principle is developed, they are then prelfed, and the 
juice which flows out is received in vcffels of a proper capa- 
city, in which the fermentation appears, and proceeds in the 
following manner: — At the end of feveral days, and frequent- 
ly after a few hours, according to the heat of the atmofubere, 
the nature of the grapes, the quantity of the liquid, and the 
Temperature of the place in which the operation is performed, 
a movement is produced in the liquor, which continually in- 
creafes; the volume of the fluid increafes; it becomes turbid 
and oily; carbonic acid is difengaged, which fills all the ur- 
occupied part of the vciTel, and the temperature riles to the 
1 8th degree. At the end of feveral days thefe tumultuous 
motions fubilde, the mafs falls, the liquor becomes clearer, 
and is found to be lefs iaccharine, more odorant, and of a 
red colour, from the reaction of the ardent fpirit upon the 
colouring matter of the pellicle of the grape.* 

The caufes of an irrperfec~r fermentation are the follow ing : 
i. If the heat be too little, the fermentation languishes, the 

k Richardfon, in bis Trcatife on Brcwirg, infills much or. the difference 
between the fpecific gravity of the fluid before and after fermentation, 
which he corfderc as prcportioral to the ftiength or inebriating quality of 
the fluid. Fermented liquors have a lefs fpeciffc gt; 1 pofTef- 

fed before the fermentation. This circumftance well deferves the atten- 
tion of the manufacturer. T. 
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faccharine and oily matters are not fufficietitly elaborated, 
and the wine is unctuous and fweet. 

2. If the faccharine body be net {efficiently abundant, as 
happens in rainy feafons, the wine is weak, and the muci- 
lage which predominates caufes ic to become four by its d£- 
compofition. 

3. If the juice be too watery, concentrated and boiling 
mufl is added. 

4. If the faccharine principle be not fufficiently abundant, 
the defect may be remedied by the addition of fogans Mac- 
quer has proved that excellent wine may be made of verjuice 
and fugar; and Mr. De Bullion has made wine at BfelLejafaies 
with the verjuice of his vine rows and moiii: fugar. 

There have been many difpntes to determine whether 
grapes fhould be preffed with the (talks or without. It feems 
to me th^at this depends on the nature of the fruit. When 
they are highly charged with faccharine and mucilaginous 
BAtter, the {talk corrects the infipidity of the wine by 
its bitter principle: but when, on the contrary, the juice 
is not too fweet, the (talk renders it drier, and very 
rough. 

The wine is ufually taken out of the fermenting, veffels at 
the period when all the phenomena of fermentation have 
fabfided. When the mafs is fettled, the colour of the liquor 
is well developed, when it has become clear, and its heat 
has disappeared ; it is put into calks, where, by a fecond, 
infenfible fermentation, the wine is clarified, its principles 
combine more perfectly together, and its taite and fmell be- 
come more and more developed. 

If this fermentation be (topped or fuffocated, the gaf 
principles are retained, and the wine is briibdr 
the nature of muft. Becher had very proper ideas of the 
effects of thefe two fermentations. 

Diltinguitur autem inter fennentationem ar^ertam et 
fain: in aperta potus fermentatus fanior eit, fed debihioJr; in. 
claufa non ita farms, fed fortior: cavifa eft quod ev 
rarefacta corpufcula imprimis magna adhuc filveftriiv: 
rituum copia, de quibus.antea , retineafn'f ct iij ipfum 

potura fe precipitet, unde vaicle cum, fortem reddit. 
Jhyf. Subt. lib. 1, v. V. cap- 1 1 , p. 313. 

4 I 
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It appears, from the interefting experiments of the Mar- 
quis de Bullion, that the vinous fermentation docs not take 
place unlefs tartar be prefect. 

By evaporating the muft of grapes, a fait is obtained, which 
has the appearance of tartar, and forms fait of Seignette 
with the alkali of foda. A large quantity of fugar is alTo 
obtained. For this purpofe the tartar is firft to be extracted ;' 
after which, the mult having evaporated to the confidence of 
a thick fyrup, is to be left for fix months in a cellar. At 
the expiration of this time, the fugar is found in a confufed 
flate of crystallization; and this being warned with fpirit of 
wine, to carry off the colouring part, becomes very fine and 
pre s; . 

Wine deprived of its tartar ferments no more, and the 
fermentation is in proportion to the abundance of the tartar. 
Cream of tartar produces the fame effecl. 

It appears that thefe falts a£t only as leavens, to facilitate 
the decompaction of the faccharine principle. 

The juke of grapes is not the only vegetable fluid fuf- 
ceptible of the fpirituous fermentation. 

Apples contain a juice which eafily ferments, and produ- 
ces cyder. Wild apples are ufually employed for this pur- 
pofe. 1 hefe arc bruifed, and the juice preffed out, which 
ferments, and exhibits the fame phenomena as the juice o£ 
grapes. 

In order to have cyder fine, it is to be decanted off the 
lees as foon as the tumultuous fermentation has fubfided, 
and it begins to be clear, Sometimes, in order to render it 
milder, a certain quantity of the juice of apples recently ex- 
prefTed is added, which produces a fecond fermentation in 
the cyder iefs.ftrong than the firft. ; The cyder which is 
left to fland on the lees acquires ifrength by that means. 
Cyder affords the fame produ&s as wine; but the brandy 
obtained from it has a difagreeable flavour, becaufe the mu- 
cilage, which is very abundant in the cyder, is altered by 
the action o^ the heat of di.ftillation. But if'it be cauticufiy 
difriiied, it affords excellent brandy, according to the expe. 
rimer) ts of M. Darcet. 

The juice of the harlheft kind of pears affords, by 
mentation, a kind of cyder called Perry, 
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Cherries Iikewife afford a tolerably good wine; and a 
kind of brandy is obtained from them, which the Germans 
call Kirchenwaffer. 

In Canada the fermentation of the faccharine juice of the 
maple affords a very good liquor; and the Americans, by 
fermenting the impure fyrups of fugar with two parts of wa- 
ter, form a liquor which affords the fpirit called Taffia, or 
Rum, by the Englifh. 

A drink called Beer is Iikewife prepared with certain 
grainy fuch as wheat, oats, and barley; but more efpeci- 
ally with the latter. 1. The grain is made to fprout or ve- 
getate, by fteeping it in water, and placing it in a heap. By 
this means the glutinous principle is deftroyed. 2. It is 
torrefied or ftoved, to flop the progrefs of the fermentation, 
and fit it for the mill. 3. It is fifted, to feparate the fprouts 
or radicles. 4. It is ground into a very coarfe flour, named 
Malt. 5. The malt is infufed in hot water, in the mafli- 
tub. This diffolves the fugar and the mucilage, and is 
called the firlf wort. It is then drawn off, heated, and 
again poured on the malt, which forms the fecond wort.* 
6. This infufion, or wort, is boiled with a certain quantity 
of hops, which communicate an extractive refmous principle 
to it. 7. An acid leaven, or ferment, is added, and it is 
poured into a cooler, where it undergoes the fpirituous fer- 
mentation. When the fermentation has fubfided, it is ftir- 
red and put into cafks, where it continues to ferment, and 
throws off a frothy fcum by the bung, which becomes four, 
and ferves as a ferment for future brewings, under the name 
of Yeaft. 

The product of all the fubftances is a liquor more or lefs 
coloured, capable of affording ardent fpirit, by diftillation, 
of an aromatic and refmous fmell, a penetrating hot tafte, 
which Simulates the action of the fibres. 

Wine is an excellent drink, and is alfo ufed as the vehicle 
of certain medicines. Such are — 1. The emetic wine, 
which is prepared by digefting two pounds of good white 
wine on four ounces of the crocus metal ioru m : 2. Chaly- 
beated wine, made by digefting one ounce of fteel filings in 

* In our breweries this practice is only ufed for double ales: and the 
ftrengths in other cafes arc regulated by the number cf times thefamemalt 
is wekttd; and the time of iyfufion. The third mafhing affords fmall beer. T. 
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two pounds of white wine : 3. The wines in which plants are 
infiafed; fuch as wormwood, forrel, and the liquid laudanum 
of Sydenham, which is made by digeftiog for feveral days 
two ounces of iliced opium, one ounce of faffron, one dram 
of pounded cinnamon and of cloves, in one pound of Spaniflbt 
wine. 

Wc (hall proceed to examine the conftituent principles of 
"tliefefpiritnous liquors, by taking that of grapes for an ex- 
ample. The moment the wine is in the calls, a kind of ana- 
lyfis tak^s place, which is announced by the feparation of 
fofne of its conftituent principles; fuch as the tartar which 
is depofited at the fides, and the lees which are precipitated 
to the bottom: fo that there remain only the ardent fpirit 
and the colouring matter difriifed in a volume of liquid, which 
is more or lefs confiderable. 

1. The colouring principle is of a refinous nature, and is 
contained in the pellicle of the grape; and the fluid is not 
coloured until the wine is formed; for until then there is 
nothing which can diffolve it: and hence it is that white 
wine may be made of red grapes, when the juice of the 
grape is expreffed, and the hulk thrown away. 

If wine be evaporated, the colouring principle remains in 
' the refidue, and maybe extracted by fpirit of wine. 

Old wines lofe their colour, a pellicle being precipitated, 
which k either depofited on the fides of the bottles, or falls 
o the bottom. If wine be expofed to the heat of the fun 
during the fumrner, the colouring matter is detached in a 
pellicle, which falls to the bottom; when the veffel is open- 
ed, the difcolonring is more fpeedy, and it is effected in two 
or three days during the fumrner. The wine thus deprived 
of its colour is not perceptibly weakened. 

2. Wine is ufualiy decora pofed by diftillation; and the 
firft product of the operation is known by the name of 
Brandy. 

Brandies have been made fince the thirteenth century; 
and it was in Languedoc where this commerce firft originat- 
ed. Arnauld de Yiiieneuve appears to have been the author 
of this difcovery. The alembics in which wine was diflilled 

conMed for a long time of a kind of boiler, furmounted 

.... 

with a long cylindric neck, very narrow, and terminating in 

an hollow hemi'phere, in which the vapours were condenfed. 
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To this fmall capital was adapted a narrow tube, to convey 
the fluid into the Terpentine or worm pipe. This diilillatory 
apparatus has been fucceffively improved. The column has 
been considerably lowered; and the ftills generally adopted 
for the diftiilation of wines in Languedoc are nearly of the 
following form. The body of the ftill is flat at bottom, and 
the fides rife perpendicularly to the height of twenty-one 
inches. At this height the fides incline inwards, fo as to di- 
oainifh the opening to twelve inches. This opening ends in 
a neck of feveral inches long, which receives the bafis of a 
fmall covering called the head, which approaches to the 
figure or an inverted cone. From the angle of the upper 
bafe of the capital, there iiTues a fmall beak, intended to re- 
ceive the vapours of brandy, and tranfmit them into the 
worm-pipe to which it is adapted. This worm-pipe has five 
or fix turns, and is placed in a tub, which is kept filled with 
cold water, to condenfe the vapours. 

The body of the ftill is ufually furrounded by the mafonry 
as high as the neck, and the bottom only is expofed to the 
immediate action of the fire. An alh-hole, which is too 
fmall, a fire-place large enough, and a chimney placed oppo- 
fite the door of the fire-place, conftitute the furnaces in 
which thefe ftills are fixed. 

The ftill is charged with between five and fix quintals of 
wine; the diiliilation is made in eight or nine hours'; and 
from fixty to feventy-five pounds of pit-coal are confumed in 
each diftillation. 

Every judicious perfon muft be aware of the imperfection 
of this apparatus. Its principal faults are the following : 

1 . The form of the body is fuch as to contain a column of 
wine of confiderable height and little breadth, which being 
acted on by the fire at its bafe, is burned at that part before 
the upper part is heated. 

2. The contraction of the upper part renders the diiliila- 
tion more diiiicultand How. In fact, this inclined part being 
continually ftruck by the air, condenfes the vapours, which 
inceffantiy return into the boiler. It likewife oppofes the 
free paffage of the vapours, and forms a kind of eolipile, as 
Mr. Beaurne' has obferved; fo that the vapours, being com- 
prefTed at this narrow neck, react on the, wine, and oppofe 
its further afceuc. 
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3. The capital is not condructed. in a more advantageous 
manner. The upper part becomes of the fame temperature 
as the vapours, which cannot therefore be condenfed, and, 
by their reaction, either fufpend or retard the didillation. 

4. In addition to this imperfect form of the apparatus, is 
joined the mod diiadvantageous method of adminideringthe 
tire. The afti-hole is every where much contracted ; the 
fire-place is very large, and the door (huts badly. In con-" 
fequence of this, a current of air paries between the com- 
buftible matter and the bottom of the (till, and the flame is 
driven into the chimney, without being turned to advantage. 
A violent fire is therefore required to heat the flove only to 
a moderate degree, in this defective condruction. 

Several other degrees of perfection have been fucceffively 
obtained in the manufactories of Mr. Joubert: but I have 
judged it poffible to add (till more to what was known, and 
the following are the principles I fet out from. 

The whole art of diitillation is reduced to the two follow- 
ing principles:-— 1. The vapours ought to be difengaged, 
and raifed in the mod economical manner: 2. And their 
condenfation ought to be as fpeedy as poffible. 

To anfwer the fird of thefe conditions, it is necefTary that 
the boiler fliould prefent the larged poffible furface to the 
fire, and that the heat mould be every where equally applied. 
1. The fecond condition requires that the afcent of the 
vapours fliould not be impeded, and that they Ihould (hike 
againd cold bodies, which mall rapidly condenfe them. 

The dills which I have condructed upon thefe principles 
are more broad than high; the bottom is concave, in order 
that the fire maybe nearly at an equal diitance from all the 
points of its furface; the fides are elevated perpendicularly 
in fuch a manner that the body exhibits the form of a por- 
tion of a cylinder; and this body is covered with a vad capi- 
tal, furrounded by its refrigeratory. This capital has a 
groove, or channel, projecting two inches at its lower part 
within: the fides have an inclination of fixty five degrees ; 
becaufe I have afcertained that, at this decree, a drop of 
brandy will run along without failing again into the dill. 
The beak of the capital is as high and as wide as the capital 
itfeff, and infenfibly diminifhes till it comes to the worm-pipe 
itfelf. The refrigeratory accompanies the beak, or neck, 
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and has a cock at its further end, which differs the water to 
run out, while its place is fupplied by other cold water, 
which inceffantly flows in from above. 

When the water of the refrigeratory begins to be warm,, 
a cock is then opened, that it may efcape in proportion as it 
is more plentifully fupplied from above. By this means the 
water is kept at an equal temperature, and the vapours which 
ftrike againft the fides of the head are condenfed, at the 
fame time that thofe which rife fuffer no obftacie, as they 
are fubjecled to no contraction of fpace. In this conltru&ion, 
the. worm-pipe may be almoft difpenfed with, becaufe the 
Water in the worm-tub does not become perceptibly heated. 

Thefe proceedings are very economical and advantageous ; 
for the quality of the brandy is better, and the quantity is 
larger. 

The diftillation of the wine is kept up until the producl: is 
no longer inflammable. This brandy is put into calks, 
when it becomes coloured by the extraction of a refinous 
principle contained in the wood. 

The wine of our climates affords one-fifth or one-fourth 
cf brandy,' of the proof ftrength of commerce. 

The diftillation of brandy by a more moderate heat afford, 
a more volatile fluid, called Spirit of Wine, or Alcohol. To 
make common fpirit of wine, brandy is taken and diftilled 
on a water bath by diftillation*. This fpirit of wine may 
be purified and rectified by fubftquent diftillations, and taking 
only the firft portions which come over. 

Alcohol is a very inflammable and very volatile fubftance. 
It appears to be formed by the intimate union of much hy- 
drogene and carbone, according to the analyfis of Mr. Lavoi- 
iier. This fame chemift obtained eighteen ounces of water 
by burning one pound of alcohol. If well-dephlegraated al- 
cohol be digefted upon calcined potafh, and afterwards dif- 
lilled, a very fweet alcohol is obtained, and a faponaceous 

* The ardent fpirit fold in London by the name cf Spirit of Wine, or 
Lamp Spirit, is made by the recTifiers of malt and mclaffcs fpirit in London, 
by diftillation of the ref dues of their compounded fpirits. It is pretty 
conftantly of the fpcc:.:c gravity of c, Q 45 at the temperature, of 60 
Fahrenheit; and may, by veiy careful rectification* be brought nearly i:n 
to 0,820. Dry alkali deprives it bf£ra'ole of its. water. On the!- & 
of die Itrength of fpints, confuk IMagden in Phil. Tranf. vei. ixxxi. T. 



>74 Formation of Ether. 

extract:, which affords alcohol, ammoniac, and an empyreiu 
matic oil. In this experiment, the formation of volatile al- 
kali appears to arife from the combination of the hydrogens 
of the alcohol with the nitrogene of the pot-afh. 

There are various methods ufed in the arts to judge of the 
degree of concentration of fpirit of wine. Gunpowder is put 
into a fpoon, and moiftened with fpirit of wine, which is fet 
on fire : if the powder takes fire, the fpirit is conudered to be 
good; but the contrary, if this effect does not take place. 
But this method is fallacious, becaufe the effeft depends on 
the proportion in which the fpirit of wine is ufed; a frnali 
quantity always inflames the powder; and a ftrong dofe ne- 
ver produces this effect, becaufe the water which remains 
foaks into the powder, and defends it from thecombuftion. 

The areometer of Mr. Baume is not to be depended on 5 
becaufe, in the ufe of it, no account is kept of the tempera- 
ture of the atmofphere, which, by changing the denfity of 
the fpirit of wine, is productive of a change in the refult as 
given by this inftrument. That of Mr. Bories is more ac-< 
curate, becaufe the thermometer is adapted to it; and is now 
ufed in commerce. 

Alcohol is the folvent of refins, and of mod: aromatic fub- 
ftances; and confequently it forms the bafis of the art of the 
varnifher and of the perfumer. 

Spirit of wine combined with oxigene forms a liquor 
nearly infoluble in water, which is called Ether. 

Ether has been formed with moft of the known acids. 

The moft ancient of all is the vitriolic or fulphuric ether. 
To make this, a certain quantity of alcohol is put into a re- 
tort, and an equal weight of concentrated fulphuric acid is 
gradually added. The mixture is fliaken and agitated, to 
prevent the retort from breaking by the partial effect of the 
heat which arifes. The retort is then placed on a heated 
fand bath, a receiver is adapted, and the mixture is heated 
toebullion. Alcohol firft pafies over; foon after which, 
ftreams of fluid appear in the neck of the retort, and within 
the receiver, which denote the rifmg of the ether. h% 
imell is agreeable. Vapours of fulphureous acid fuccced 
the ether; and the receiver mult be taken away the moment 
they appear. If the diftiifotipn be coir. fulphureous 

ether is obtained, and the oil which is )ih 
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cr the fweet oil of wine; and that which remains in the retort 
is a mixture of undecompofed acid, fulphur and a matter re- 
fembling bitumens. 

We fee that in this operation the fulphuric acid is decom- 
pofed; and that theoxigene, by combining with the hydro- 
gene and the carbone of the alcohol, has formed three flutes, 
which we alfo find in the diftillation of fome bitumens — 1. 
A very volatile oil or ether. 2. Etherial oil. 3. Bitumen. 

If the fulphuric acid be digeited upon ether, it converts 
the whole gradually into erherial oil. 

. When the ether is mixrd with fulphureous vapours, it 
nrafl be rectified by a gentle heat; a few drops of alkali 
being fir ft poured in, to combine with the acid. 

Sulphuric ether may be made very oeconomically, by ufmg 
a leaden flill with a head of copper well tinned. In this 
way I prepare it by the quintal without any difficulty. 
• Mr. Cadet has propofed to pour on the refidue of the 
retort one third part of good alcohol, and to diftii it in the 
ufual way. 

Ether is very light, very volatile, and of a pleafant fmell. 
It is fo eafily evaporated, that if a line rag be fteeped in this 
liquor, then wrapped round the bail of a thermometer, and 
the inflrument be agitated in the air, the thermometer finks 
to the freezing point*. 

. Ether eafily burns, and exhibits a blue flame. It is very 
Sparingly foluble in water. 

Ether is an excellent amifpafmodic. It mitigates pains' of 
the colic as if by enchantment, as it does likcwife external 
pains. The celebrated Bucquet had accuftomed himfeif fo 

. * Mr. Cavallo has defcribed, in the Philofophical Tranf. for 1781, a 
pleafing experiment of freezing water by means of ether. The ether is 
put into a vial fo as not completely to fill it; and in the neck of this vial 
is fitted, bv grinding, a tube whofe exterior end is drawn out to a capfllaYy 
finenefj. Whenever the bottle thus flopped is inverted, the ether is urged out 
oi the tube in a fine fti earn, in confequer.ee of the preflure exerted by the 
elaftic etherial vapour which occupies the fuperipr fpace of the bottle. This 
llream is directed on the outfide of a final! glafs tube containing water, 
which it fpeedily cools down to the freezing point ; at which inltant the 
water becomes iuddenly opake, in confequence of the icy cryftallization. 
It" a bended wire be previoufly immeried in the water, it may afterwards be 
drawn out, and the ice along with it. T. 

4K 
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much to th ; s drink, that he took two pints per day: a rare 
pie of the .power of habit on the conftilution. 

The mixture of two ounces of fpirit of wine, two ounces 
of ether, and twelve drops of etherial oil, forms the anodyne 
liquor of Hoffman. 

Mefirs. Navicr, Woulfe, Laplanche, Eogue, and others, 
defcribed various procefTes for making nitric ether, 
which are more or lefs eafily imitated. For my part, I take 
equal parts of alcohol, and nitric acid or commerce, of the 
itrength of between thirty and thirty-five degrees. I put 
the whole into a tubulated retort, which I fit to a furnace, 
and adapt two receivers one iiicceeding the other. The flrft 
receiver is immerfed in a veffcl of water. The fecond is fur- 
rounded by a wet cloth; and a iiphon communicates from 
ks tubulure to a vciTel of water in which it is plunged. When 
the heat has penetrated the mixture, much vapours are dif- 
engaged, which are condenfed in ftria?, on the internal fur- 
faces of the receivers, whofe external furface is kept con- 
flantly cold. The ether which I obtain is very pure and 
very abundant*. ' ' 

When the precaution of difiilling it properly is attended 
to, this ether becomes nearly fimilar to the vitriolic. MefTrs. 
de L :id Cornette have obfcrved that it was more 

led alive. 

• The diftillation of the muriatic acid with alcohol produces 
only a mixture of thefe two liquors, which is called the Dul- 
j Muriatic Acid. 

Before the theory of ethers, and the fimple procefs of 
combining a furplns of oxigene with the muriatic acid, were 
known, methods were invented to procure the muriatic ether, 
but fubftances were always made ufe of in which the muria- 
tic acid was oxigenated. In this manner it was that the baron ' 

* Their; 'rotten to caution the inexperienced che- 

•:r of mixing thefe two liquors. The nitrous acid 

iYJn e > by fmall portions at a 

to be of great importance, that the 

d be added to i ;id not the lpirit to the acid: for, in 

art of the time of the 
> ,.i of acid, with a 

f fpirit; whereas, where tj e v method is adi 

the prb] t will always 1 • greater than that of the acid, until 

the fall quantity of add is added. V. 
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do Bornes propofed the concentrated muriate of zinc, mixed 
and diflilled with alcohol; and that the marquis de Cour- 
tanvaux diflilled the mixture of a pint of alcohol with two 
pounds and a half of the fuming muriate of tin. 

The theory or the formation of ether has m our time led 
to fimpler proce- 

Mr. Pelletier introduces a mixture of eight ounces of man* 
ganefe, and a pound and a half of the muriate of foda, in a 
Ijyfge tubulated retort; twelve ounces of fulphurk: acid, and: 
eight oun.es of alcohol, are afterwards added. Diftillatioit 
is then proceeded on ; and ten ounces of a very eth ariaj 1) 
are obtained, from which four ounces of good ether are af- 
forded by didillation and rectification. 

The very concentrated muriatic acid, diflilled from man- 
ganefein the apparatus of Woulfe, affords more ether. It 
is even fufEcient, for this purpofe, to pafs the oxigenated mu- 
riatic acid through good alcohol, to convert it into ether. 

This muriatic ether has thegreated analogv with the ful- 
phuric. It differs from it in two characters only— -1. It emits, 
in burning, a fmell as penetrating as that of the fulphuric 
acid. 1. Its fade is dyptic, refembling that of alum. 

From thefe experiments it is evident that ether is merely 
a combination of alcohol with the oxigene of the acids made 
ufe of. I have even obtained an etherial liquor by repeated 
diftillations of good alcohol from the red oxide of mercury. 

( The idea of Macquer, who confidered ether as fpirit of 
wine dephlegmated, or deprived of water, had little founda- 
tion ; for the diftillation of the fpirit of wine from the mod 
concentrated or dried alkali; never affords any thing but 
fpirit of wine more or left dephlegmated. 

Concerning Tartar. 

Tartar is depofited on the fides of cafics during ferine 
tion: it forms a lining more or lefs thick, which is fcra 
off. This is called crude tartar, and is fold in Languedqjc 
from ten to fifteen livres the quintal. 

All wines do not afford the fame quantity of tartar. 
Newmann remarked that the Hungarian wines left only a 
thin dratum; that the wines of France afforded more; and. 
that the Rhenilh wines afforded the pured and the a 
quantity. 
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Tartar is diftinguimed, from its colour, into red orwhite: 
the firft is afforded by red wine. 

The purefl: tartar exhibits an imperfectly cryftallizcd ap- 
pearance: the form is the fame as we have affigned to the 
acidulous tar trite of potahV, and it is this quality which is 
called grained tartar (tartre grenu) in our refineries at Mont- 
pellier. 

The taffe of tartar is acid and vinous. One ounce of wa- 
ter, at the temperature often dfcgfcees above o of Reaumur, 
diffolves no more than ten grains: boiling water diflblves 
more, but it falls down in cryftals by cooling. 

Tartar is purified from an abundant extractive principle 
by proceffes which are executed at Montpellier and at Ve- 

The following is the procefs ufed at Montpellier: — The 
tartar is difTolved in water, and fuffered to cryftallize by 
cooling. The cryftals are then boiled in another veffel, with 
the addition of five or fix pounds of the white argillaceous 
earth of Murviel to each quintal of the fait. After this 
boiling with the earth, a very white fait is obtained by eva- 
poration, which is known by the name of Cream of Tartar, 
or acidulous tartrite of potafh. 

M. Defmaretz has informed ns (Journal de Phyf. 1771) 
that the pro; efs ufed at Venice confilts — 1. In drying the 
tartar in iron boilers. 2. Pounding it, and diflblving it in 
hot water, which by cooling affords purer cryftals. 3. Re- 
j thefe cryftals in water, and clarifiing the folution by 
whites of egVs <:nd a(hc& 

The nrocefs of Montpellier is preferable to that of Venice. 
The addition of the allies introduces a foreign fait, which al- 
ters the purity of the product. 

The acidulous tartrite of potafh crystallizes in tetrahedral 
prf'fm's cot off ilantwife. 

Tv ! ■ i-: ufed by the dyers as a mordant: but its great- 
est conilimpticn is in the north, where it is ufed at table as a 
feafoner. 

Tartar appears to exift in the muff, and confequently in 
the grape itfelf. This has been afcertained by the experi- 
ments of De Ronelle and the marquis de Bullion. 

This fait c\i m many other vegetables. It is fufHciently 
proved that tamarifc and fumach contain itj and the fan 
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true of the barberry, of balm, carduus benedictus, refthar- 
row, water-germander, and fage. 

The acidulous tartrite of potaih may be decompofed by 
means of fire, in the way of diftillation; in which cafe the 
acid and the alkali are obtained feparately. This decompo- 
fition may al fo be effected by the fulphuric acid. 

The celebrated Scheele has defcribed a procefs of greater 
accuracy for obtaining the acid of cream of tartar. 

Two pounds of the cryftals are diffolved in water, into 
which chalk is thrown by degrees, till the liquid isfaturated. 
A precipitate is formed, which is a true tartrite of lime, is 
taftelefs, and cracks between the teeth. This tartrite is put 
into a cucurbit; and nine ounces of fulphuric acid, with five 
ounces of water, are poured on it. After twelve hours di- 
geftion, with occafional itirring, the tartareous acid is fet at 
liberty in the folut.ion, and may be cleared of the fulphateof 
lime by means of cold water. 

This tartareous acid affords cryflals by evaporation; 
which, when expofed to the fire, become black, and leave a 
fpongy coal behind. 

Treated in a retort, they afford an acid phlegm, and fome 
oil. 

The tafte of this acid is very fliarp. 

It combines with alkalis, with lime, with barytes, alumine, 
magnefia, 8zc. 

The combination of potafh with this acid forms cream of 
tartar, when the acid is inexcefs; which is capable of en- 
tering into combinations, and forming triple falts. Such is 
the fait of Seignette, or tartrite of foda, which cryftallizes in 
tetrahedral rhomboidal prifms. 

The acidulous tartrite of potafh is very fparingly foluble 
in water. Boiling water diffolves only one twenty-eighth 
part. The addition of borax has been propofed to fa iiirate 
the folution; as likewife fugar, which is lefs eiricae.ous than 
borax, but makes a very agreeable and purgative lemonade 
with this fait. * 

ARTICLE II. 

Concerning the Acid Fermentation. 

The mucilaginous principle is more efpecially the fub- 
ftance on which the acid fermentation depends: and wlien 
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it has been deflroyed, in old and generous wines, they 
no longer capable of alteration, without the add:- 
gummy matter, as I fitld from my own experiments. It is not 
true, therefore, to lay that all fubftances which have y 
through the vinous fermentation, are capable of pafjing to 
the (late of vinegar; fmce this change depends on the muci- 
lage, which may not in all cafes be prefent. 

There are, therefore, three caufes neceffary to produce 
the acid fermentation in fpirituous liquors. 

i. The exigence of mucilaginous matter, or mucilage. 
2. A degree of heat between eighteen and twenty-five de- 
grees of Reaumur. 3. The prefence of oxigenous gas. 

The procefs indicated by Boerhaave for making vinegar, 
is Mill the mod frequently ufed. It confifts in fixing two 1 
in a warm room or place. Two falfe bottoms ofbafcU 
work are fixed at a certain diftance from the bottom, upon 
which the refufe of grapes and vine twigs are placed. One 
of thefe tuns is filled with wine, and the other only half filled. 
The fermentation begins in this lad; and, when it is in full 
action, it is checked by filling the caik up with wine out of 
the other. The fermentation then takes place in the laft- 
roentioned caik, that remained half filled; and this is check- 
ed in the fame manner by pouring back the fame quantity 
of liquid out of the other: and in this way the procefs is con- 
tinued till the vinegar is made, which is ufually in about fif- 
teen days. 

When the fermentation developes itfelf,the liquid becomes, 
heated and turbid; a great number of filaments are feerj in 
it; it emits a lively fmell; and much air is abforbed, accord- 
ing to the obfervation of the abbe Rozier. 

A large quantity of lees is formed, which fubfides when 
the vinegar becomes clear. This lees is very analogous to 
the fibrous matter. 

Vinegar is purified by diflillation. The firft portions 
which pafs over are weak; but foon afterwards the acetous 
acid rifes, and is flronger the later it comes over in the 1'if- 
tillation. This fluid is called Diftilled Vinegar; and is thus 
cleared of its colouring principle, and the lees, which is 
always more or lefs abundant. 

Vinegar may likewife be concentrated by expofing it to 
the froft. The fuperabundant water freezes, and lc; 
the acid more condenfed. 
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ine preicnce of fpirit of wine, mucilage, and air, are ne-. 
cellar.- to form vinegar. Scheele has made it by decompof- 
in g the nitric acid upon fugar and mucilage. I communi- 
cated to the Academy at Paris (vol. 1786) an observation of 
lome curiosity respecting the formation of vinegar. Dril- 
led water, impregnated with vinous gas, affords vinegar: at 
the end of fome months, a depofition is made of a fubftance 
in nocks, which is analogous to the fibrous matter of vegeta- 
bles. When the water contains fulphate of lime, an execra- 
ble hepatic odor is developed, a depofition of fulphur is af- 
forded, and all this is owing only to the decompofition of 
this fulphuric acid. 

As in the above experiments I had placed the water above 
the vinous fluid in fermentation, to impregnate it with the 
carbonic acid, the alcohol which evaporates with the acid 
carried the mucilage with it; and the effects, I obferved, 
are referable to this fubftance. 

The acetous acid is capable of combining with a ftronger 
dole of oxigene j and then forms radical vinegar, or the ace* 
tic acid. 

To form the acetic acid, the metallic oxides are diffolved 
in the acetous acid; the fait which is obtained being then 
expofed to diflillation, affords the oxigenated acid. It has a 
very lively fmell, is cauflic, and its action upon bodies is 
very different from that of the acetous acid. 

This acetic acid has the advantage of forming ether with 
alcohol. For this purpofe, equal parts of the acid and alco- 
hol are to be diftilled together. The product of the diflilla- 
tion is to be again added to the refidue in the retort; and a. 
f nail quantity of the water of Rabel is likewife to be added. 
The whole becomes converted into eth 

The combination of the acetous acid with potafh forms the 
acetite of potafh. 

To make this fait, pure potafh is fafarat'ed with diflilled 
vinegar, the liquor filtered, and evaporated to drynefs in a 
gl'afs veffe) over a very gentle fire. The acerite of potafh, 
has a penetrating acid tafle; is de< id by diftil'ation ; 

and affords an acid phlegm, an empyreumatic oil, ammoniac, 
and a large quantity of very odorant gas, formed cfcaibonic 
acid and hydrogene. The coal contains much fixed alkali 
in a difengaged ftate. This fait is very fcluble in water, and 
de'liquefces in the air. 
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The fulphuvic acid poured upon it, decompofes it; and die. 
products which come over are fulphuric acid and acetic, acid.. 

The acetous acid likewife combines with foda; and this 
combination is improperly called Cryftallizable Terra Foliata. 
The acetite of foda cryitallizes in (triated prifms, and does 
not attract the humidity of the air. "When thefe falts are 
diftilled, they leave a refidue, which forms an excellent and 
very active pyrophorus. 

The acetous acid likewife combines with ammoniac. The 
acetite which is produced is called the fpirit of Mindererus. 
This fait cannot be evaporated without the lofs of a confide- 
rable part, on account of its volatility: but, by a long eva- 
poration, it affords needle-formed cryitals, of a hot and pe- 
netrating tafte, and attracting moifture from the air. Lime, 
fixed alkalis, mere heat or fire, and the acids, decompofe this 
fait. 

The fulphate of potafb, fprinkled with the acetic acid, 
forms the fait of vinegar. 

ARTICLE III. 

Concerning the Putrid Fermentation. 

In order that vegetables may undergo the two fermenta- 
tions we have treated of, it isneccfTary that the juices fliould 
be extracted, and prefented in a confiderable volume. A 
due degree of heat, together with other circumllances arti- 
ficially broug 1 ler, are likewife neceffary; for a grape, 
-left on the italic, produces neither ardent fpirit nor vinegar, 
but rots. It is this new kind of alteration we fhall at prefent 
proceed to treat of. 

This fermentation is the moil natural termination of the 
vegetable. It is indeed the only end to which the natural 
courfe of things is directed ; fince it is by this means that the 
exhaufted furface of the globe is repaired. The two other 
fermentations are the mere effects of art, and form no part 
of the great plan of nature. 

The life of the great eft part of vegetables lafts but a few 
months; but the feeds they depofit alTure their re-produc- 
tion. There are other more robufi vegetables which fupport 
the cold of v, inter, and only cad their leaves at that period. 
The annual vegetables, and vivacious plants, are altered by 
the combined action of the caufes we have, mentioned ; and 
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the refalr, according to the degree of decomposition, is either 
manure, vegetable earth, or ochre. 

The conditions of the vegetable fermentation are the fol- 
io win?: 

•i. It is neceffary that the organization be impregnated, 
with water. Dried vegetables are preferved without putre- 
fying; and, if they be moiftened, their fublequent alteration 
is prodigioufly accelerated. In this manner it is that plants 
heaped together become heated, blacken, and take fire, if 
not fufiiciently dried. Fires of this kind are not rare, and 
the theory is not difficult to be explained. Wetted ropes, 
moid hay heaped together, and in a word every vegetable 
fubftance, putrefies or rots with greater facility, the more 
perfectly its texture is impregnated with water. 

2. The contact of air is the fecond neccifary caufe in the 
putrefaction of vegetables. It is reported, in the Epheme- 
rides of the Curious in Natural Phenomena, for 1787, ihat 
ripe cherries were preferved for forty years, by inclofing 
them in a veffel well luted, and placed at the bottom of a 
well. 

3. A certain degree of heat is likewife neceffary. The 
heat between five and ten degrees is fufficient to caufe decom- 
pofition. A greater heat difiipates the humidity, dries the 
vegetable, and preferves it from putrefaction. Too little 
heat retards or fufpends it. 

4. It is likewife neceffary, for the due effect of this de- 
composition, that the vegetables fhould be heaped together, 
and their juices abundant. A greater quantity of air is then 
combined with the vegetable; becaufe the juices and the fur- 
faces are then more considerable; and confequemly a great- 
er degree of heat is produced, which accelerates the de- 
composition. 

When vegetables are heaped together, and their texture 
is Softened by the humidity with which they are impregnated, 
together with their own juices, the phenomena of decom- 
position are the following; the colour of the vegetable 
is changed ; the green leaves become yellow, the tex- 
ture becomes lax, and the parts lefs coherent; the colour of 
the vegetable itfelf changes to black or brown; the raafs 
rifes, and perceptibly Swells up; the heat becomes more in- 
ts&fe, and is perceived on approaching the heap; and the 

4 L 
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iumes which arife have already a fmell, which fometimes is 
.not difagreeable ; at the fame time bubbles arife, and break 
%i the furface of the liquid, when the vegetables are reduced 
to. a magma. This gas is a mixture of nitrogene, hydrogene, 
,and carbonic acid. At this epocha, likewife, an ammoniacal 
cgas is emitted, which is formed in thefe circumftances: and, 
in proportion as thefe appearances diminifh, the ftrong and 
;Offenfive odour is fucceeded by another which is fainter and 
initder, and the mafs becomes dry. The internal part dill 
exhibits the vegetable ftruclure, when the flem is folid, and 
the fibrous matter has been the predominating principle; and 
it then constitutes manure or foil. Hence it arifes that the 
herbaceous plants of a loofe texture, and abounding in juices, 
are not capable of forming manure by their decompofition, 
but are reduced into, a brown -mafs of little confidence, in 
which neither fibre nor texture are obferved; and this is 
what, for the mod: part, forms vegetable mould. 

Vegetable mould ufually conftitutes the firft covering or 
ftratum of our globe; and in fuch cafes wherein it is difco- 
vered at a depth in the earth, there is no doubt but it has 
been buried by fome revolution. 

When a vegetable is converted into earth by this tumul- 
tuous fermentation, it (till retains the remains of the vegeta- 
ble, mixed and confounded with the other folid earths and 
metallic products ; and by diltillation it aifords oil, nitrogene 
gas, and often hydrogene. It may therefore be confidered 
as an intermediate fubflance between crude and organic bo- 
dies, which participates of the inertia of the one, and the 
activity of the other; and which in this (late is ftill fubjeft 
to an infenfible fermentation, that changes its nature ftill 
more, and deprives it of all its organic contents. Thefe re- 
mains of vegetables fli'l contained in vegetable earth, ferve 
as food for other plants that may grow in it. The infenfible 
progrefs of fermentation, and the faction of vegetables, 
impoveriih the vegetable earth, deprive it of all its organic 
matter, and there remain only the earths and metallic refidue 
which form the ftiff poor foils, and ochres when the ferru- 
ginous principle is very abundant. 

As this muddy earth is a mixture of all the primitive 
earths, and fome of the metals which are the prod Lift of ve- 
getation, as well as the oils, the ialts, and other producls we 
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meet with in it; we may confider it as the refidue of vegeta- 
ble decompofition, as the great agent and means by which 
nature repairs the continual loffes the mineral kingdom un~ 
dergoes. In this mixture of all the principles the materials 
of all compounds exifl: ; and thefe materials are fo much the 
:more difpofed to enter into combinations, as they are in a 
more divided and difengaged ftate. It is in thele earths that 
we find diamonds, quar'z-cryftals, fpars, gypfum, &c. ■ It is 
in this matrix that the bog ores, or ochreous ores of iron, 
are formed; and it appears that nature has referved the im- 
poveriftied refidue of vegetables for the reproduction or re- 
paration of the earthy and metallic fubftances of the globe, 
while the organic remains are made to ferve as nouriihmenf 
for the growth of other fucceeding vegetables. 

■ 
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PART THE SIXTH. 



CONCERNING ANIMAL SUBSTANCE I, 



INTRODUCTION. 



JL HE abufe which, at the commencement of 
this century, was made of the application of chemiffry to 
medicine, occafioned, a fliort time afterwards, that all the 
relations between this fcience and the art of healing were 
miftaken and rejected. It would no doubt have been more 
prudent, as well as more ufeful, to have connected thefe 
miftaken applications: but chemidiy was not perhaps at that 
lime in a fufliciently advanced ftate, to be advantageoufly ap- 
plied to the phenomena of living bodies ; and, even at this day, 
we fee that, though the phyfiology of the human body is en- 
riched with various interefting facts, there is ftill much to be 
done before they will be fufficiently numerous to exhibit a 
Satisfactory mafs of doctrine. 

The imperfect fuccefs of chemiftry in that branch of the 
fcience which has the ftudy of man for its object, arifes from 
the very nature of the fubject itfelf. Some chemifls, by con- 
Sdering the human body as a lifelefs and paffive fubltance, 
have fuppofed the humours to undergo the fame changes as 
they would have been fubject to out of the body ; others, 
from a very fuperficial knowledge of the conftitution of thefe 
humours, have pretended to explain all the phenomena of 
of the animal ceconomy. All have miftaken or overlooked 
that principle of life, which incelfantly acts upon the folids 
and fluids ; modifies, Without ceafing, the impreffion of ex- 
ternal objects; impedes the degenerations which depend. on 
theconuituticn itielf; and prefents to us phenomena which 
chemifry never could have known or predicted by attending 
to the invariable laws obferved in inanimate bodies. 
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None of the bodies of the mineral kingdom are governed 
'by an internal force. They are all fubjected to the direct 
acf ion of foreign fubftances, without any modification from 
any vital principle; and the air, water and fire, produce in 
them the effects which are neceffary, conftant, and fubject 
to calculation; whence it happens that we are able to de- 
termine, modify, and vary the action of thele various agents 
at pleafure. It is not the fame with living bodies: they are 
all indeed fubject to the influence of external bodies; but the 
effect of thefe is modified by the reaction of the vital principle, 
and is varied according to the difpofition of that principle. 
The chemift cannot therefore determine the effects a priori, 
and in a general way. He mufl fearch for his refults rather 
in the living body itfelf than in the operations of his labora- 
tory ; and can have no affiftance from his analyfis but in af- 
certaining the nature of their component parts. But their 
action, effects, or tranfpofitions, can only be known by a 
ferious ftudy of the functions of the living body. Chemiflry 
can perform every thing in the mineral kingdom, becaufe 
every thing depends on the laws of the affinities. But, in 
the kingdoms of organized beings, this fcience is fubordinate 
to the laws of the ceconomy of living bodies; and its refults 
can only be affirmed to be true, when they are confirmed by 
obfervation. 

The more the functions of the individual are independent 
of organization, the lefs is the empire of chemiflry over them, 
becaufe the effects are modified in a thoufand w r ays; and it is 
this which renders the application of chemical principles to 
the phenomena of the human body fo very difficult; for the 
organization is not only very complicated, but the effecls are 
continually varied by the powerful influence of the mind. 

There is not however any function in the animal ceconomy, 
upon which the fcience of chemiflry cannot throw fome 
light. If we confider them in the healthy (late, we fhall 
perceive that every organ produces fome change in the hu- 
mours it receives; and though the chemift may indeed be 
ignorant of the manner in which fuch changes are produced, 
it is by his art alone that the diiicrence between the ori- 
ginal fluid, and that winch has been elaborated, can be as- 
certained. Befides which, the functions of the vario 1 .- 
■ gans are exercifed upon external objects, and thefe excels, 
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come under the confideranon of chemiitry. We are at pre- 
fent, for example, acquainted witfi the nature of the au 
which ferves for refoi ration, its effects on the lungs, and its 
influence on the anima! ce onomy. We are even now able 
to determine whether any air be good or bad, and know how 
to correct that which is vitiated, &zc. We likewifc poiTefs 
fome accurate ideas of the nutritive principle of cerrain fub- 
ftances; and chemiftry teachrs us bow to dilpofe of the ref- 
peetive aliments, and adapt them to the various circumflan- 
ces. The analyiis of waters is finkiently perfect to admit 
of our diftinguiihing the properties of that fluid relative to 
health, and to felecr. the bed for our own ufe: fo that, while 
the principle of life prefides over and governs all the internal 
operations of the human body by a mechanifm which is very 
imperfectly known to us, we fee neverthelefs that all the 
functions receive an impreflion more or lefs direct: from ex- 
ternal objects; that all the materials ufed for the fupport of 
the machine are fuppiied from without; that the principle 
of life which collects and difpofes of thefe materials, after 
laws unknown to us, is ' apable neither of choofing nor re- 
jecting them ; and that the functions would be very fpeedily 
altered, if chemiftry, founded on obfervation, were not care- 
ful to remove the noxious, and felect fuch bodies as are of ad- 
vantage to the fyftem. Chemiflry therefore can do nothing 
in the arrangement of the materials, but poffeffes unlimited 
power in their felection and preparation. 

When the organization is deranged, this defect of order 
can arife only from external or internal caufes. In the firffc 
cafe, the anal yfis of the air, the water, and the food, will 
afford accurate notions fufficieht to re-eftablifh the functions. 
In the fecond, the chemical examination of the humours may 
afford information fufHcient to direct the phyfician in point- 
ing out the moit fuitable remedy. Sometimes the humours 
are decompofed in the body, as in vitro. We obferve all 
the phenomena of a degeneration and complete difunicn of 
the principles which compofe the blood, in the fcurvy, 
cachexy, malignant fevers, Sec. It feems as if, in fuch cafes, 
the vital principle abandoned the government, and left the 
folids and fluids to the deftructive action of external agents ; 
in confeqnence of which they become decompofed in the 
fame manner as they ufually do when feparatcd from the body. 
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When the principle of animality is once extinguished, the 
fame caufes which maintained the functions, and whofe effects 
were modified by that principle of life, now aft with their 
whole energy on the body, and decompofe it. Chemiftry 
has difcovered methods of extracting from thefe dead bodies 
a variety of fubftances of ufe in the arts and in pharmacy. 

Chemiffry is therefore applicable to the animal ceconomy 
in the (late of health and in the (fate of ficknefs. 

The chemical art has marked the limits between vegetable 
and animal fubflances. Thefe lad afford ammoniac by pii- 
trefadtion, while the fermentation of the former developes 
ardent fpirit. The Litter leave a coal which burns eafi! v ; 
while the former become converted into a coal alnv; 
eombuftible. Animal matters contain much nin-ogene, 
which may be difengaged by means of nitric acid. The in- 
tereffing Memoirs of Meflf. Berthollet and De Fourcroy on 
animal fubflances, may be confulted to great advantage. 



CHAPTER I. 

Concerning Digcftion. 

1 HAT humour which is known by the name of 
the Gaflric Juice, is feparated by glands placed between the 
membranes which line the fromachj and from thefe it is 
emitted into the flomach iifelf. 

In order to obtain the gaflric juice in a (late of purity, the 
animals intended to furnifh it are kept fading for two days, 
after which the ftomach is extracted. In this manner Spai- 
lanzani obtained thirty-fcven ounces of this juice out of the 
two firfl flomachs of a flieep, The fame na^u/aliil cr.ufcd 
animals to fwallow thin tubes of metal, pierced with feveral 
holes, into which he had put final) fponges, very clean and 
dry. He caufed crows to fwallow eight at a time, which 
were vomited up at the end of three hours and a half. The 
juice whi..h he obtained was yellow, trar: parent, fait, bitter, 
and leaving very little fediment, when die b bd was falling. 
The gaflric juice may likewife be procured by the vomiting 
which is excited by irrii -ion during falling. opoli 

has ol I that the moit fluid part only is tbrqwji up by 
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irritation ; and that the thicker part does not quit the ftomach 
but by the afiiftance of an emetic. M. GoiTe, who had lonjr 
accuftomed himfelf to fwallow the air, which anfwered the 
purpofe of an emetic with him, has availed himfelf of this 
habit to make fome experiments with the gaftric juice. He 
fufpends his refpiration, receives air into his mouth, and 
pufhes it towards the pharinx with his tongue. This air, 
rarefied in his ftomach, produces a convulfive motion, which 
clears it of its contents. Spallanzani has obferved that eagles 
fpontaneoufly emit a considerable quantity of gaftric juice, 
when fading in the morning. 

We are indebted to Reaumur and the abbe Spallanzani 
for very interefting experiments refpecting the virtue and ef- 
fects of the gaftric juice in digeftion. They caufed. animals 
to fwallow tubes of metal, perforated in various places, and 
filled with aliments, to examine their effects. The philofo- 
pher of Pavia ufed purfes of thread, and bags of linen and of 
woollen. He himfelf fwallowed fmall purfes filled with flefti 
boiled or raw, with bread mafticated, and alfo in its original 
flate, &c. and likewife fmall cylinders of wood, five lines in 
length and three in diameter, pierced with holes, and cover- 
ed with cloth. 

M. Golfe, availing himfelf of the facility with which he 
"Was able to vomit by means of the air, has taken all kinds 
of food, and examined the changes they had undergone, by 
returning them after intervals more or lefs remote from the 
time of deglutition. 

From thefe various experiments it follows — i. That the 
gaftric juice reduces the aliments into an uniform magma, 
even out of the body, and in vitro; and that it acts in the 
fame manner on the ftomach after death: which proves that 
its effect is chemical, and almoft independent of vitality. 
i. That the gaftric juice effects the folution of the aliments 
included in tubes of metal, and confequently defended from, 
any trituration. 3. That though there is no trituration in 
membranous ftomachs, this action powerfully affifts the effect 
of the digeftive juices in animals whofe ftoma:h is mufcular, 
fuchas ducks, geefc, pigeons, &c. Some of thefe animals 
bred up with fufficient care that they might not fwallow 
ftones, have neverthelefs broken fpheres and tubes of metal, 
blunted lancets, and rounded pieces of glafs, which were 
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introduced into their ftomachs. M. Spallanzani has afcer- 
tamed that flefh included in fpheres fufficiently ftrong to refill 
the mufcular action, was completely digefted. 4. That the 
gaftric juice acts by its folvent power, and not as a ferment; 
becaufe the ordinary and natural digeftion is attended with 
no diiengagement of air, nor inflation, nor heat, nor in a word 
with any of the phenomena of fermentation. 
. ;M. Scopoli obferves very well that nothing pofitive or cer- 
tain can be afTerted refpecting the nature of the gaftric juice. 
It is fometimes acid and fometimes infipid. M. Brugnatelli 
has found in the gaftric juice of carnivorous birds, and feme 
others, a difengaged acid, a refin, and an animal fubftance, 
united with a finall quantity of common fait. The gaftric 
Juice of ruminating animals contains ammoniac, an extractive 
animal fubftance and common fait. In our time the phof- 
phoric falts have been found difengaged in the gaftric juice. 

It appears, from the obfervations of Meffrs. Spallanzani 
and Goffe, that the nature of the gaftric juice varies according 
to that of the aliments. This juice is constantly acid when 
the diet is vegetable. The abbe Spallanzani affirms, con- 
trary to Meffrs. Brugnatelli and Carminati, that birds of 
prey have never afforded him an acid juice; and he affirms 
the fame of ferpents, frogs, fifties, &c. 

In order to {hew clearly that there is a great difference 
between the gaftric juices of various animals, it is fnfficient 
to obferve that the gaftric juice of the kite, the falcon, &c. 
does net diffolve bread, though it digefts fleili meat j and that 
the gaftric juice of the turkey^ the duck, &c. has no action 
upon flefh, but converts the hardeft grain into a pulp. 

Meffrs. jurine, Toggia, and Carminati, have made the 
raoft fuccefsful applications of the gaftric juice in the treat- 
ment of wounds. 



CHAPTER IL 

Concerning Milk. 

\J¥ all the animal humours, milk is beyond contra- 
diction the lead animalized. It appears to partake of the 
nature -of chyle; it preferves the qualities andxharacter of 

4M 
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the aliments; and for this reafon we are induced to place it 
at the head of the hunicurs of animal bodies. 

Milk is feparated in organs called breads or udders; and 
though the clafs- of animals with breads exhibits the greateft 
analogy in the internal conftrucTion of thefe organs, yet 
the milk varies in the feveral fpecies. In the human fpe- 
cies it is more faccharine; in the cow, milder or fofter: the 
milk of the goat, and of the afs, are ilightly aftringent; and 
it is for this reafon that they are ordered to be taken in dif- 
orders which have weakened and exhaulled the human 
frame*. 

Milk is the firil food of young animals. Their weak and 
feeble ftomachs are incapable of digefling and affimilating 
aliments afforded by the earth; and nature has accordingly 
provided them a food more annualized, and confequently 
more analogous to their ftru&ure, until their increafed 
llrength permits them to ufe a coarfer food. 

Hunter has obferved that all the animals which difgorge 
to feed their young, have glands in the ftomach, which are 
formed during the incubation, and afterwards gradually ob- 
literated. 

Milk is in general of an opake white colour., and faccha- 
rine tafte. 

By attending to the various alterations it undergoes when 
kft to itfelf, or when decompofed by chemical agents, we 
may arrive at a perfect knowledge of its nature. 

Milk expofed to the air is decompofed in a longer or 

ihorter time, according to the degree of heat of the atmof- 

phere. But if the temperature of the atmofphere be hot, 

and the milk in large quantity, it may pals to the ipirituous 

j 

* It feems mod probable that the pre-eminence dill given to the milk 
of the afs, arifes from no better reafon than the loud and fonorous voice of 
the animal, which, by a kind of reafoning very common among the ancient 
phyfeians, has leu to a conclufion that the milk of fuch a creature mud be 
good for the lungs. The root fatyrion, the milk of the goat, and many 
other fubfhmces, formerly Ibod high in medical edimation, for reafons 
equally obvious and equally fuperficial. It muft not however be denied 
but that, when the poilefior of an exhaufted conflitution becomes fo far 
obedient to advice as regularly to take afTes milk, and attend to other cir- 
cumdances of regimen, he may find himfelf benefited; and the afTes milk, 
ly as milk, fubftituted indead of fome lefs friendly beverage or food, 
may be entitled to a fhare in the general effect.. T. 
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fermentation. Marco Polo, the Venetian, who wrote in the 
thirteenth century, affirms that the Tartars drink mares milk, 
jo well prepared that it might be taken for white wine. 
Claude Strahelenberg reports that the Tartars extraft a vi- 
nous fpirit from milk, which they call Arki (Defcription <V 
PEmpire de Ruffle). John George Gmclin, in h^ v: 
to Siberia, affirms that the milk is fuffered to become four, 
and is afterwards diflilled. 

M. Nicolas Oferetikow/ky, of St. Peteriburgh, has pro- 
ved — l - That milk deprived of its cream cannot produce 
ardent fpirit, either with a ferment or without. 2. That 
milk agitated in a clofe veil el affords ardent fpirit. 3. 'f'ha.t 
fermented milk lofes its fplrituous principle by heat, and paf- 
fts to the ftate of vinegarr — journal de Phyf. 1779. 

Milk becomes four in the fummer, and in three or four 
days the acid has acquired its ftrength. If the whey be then 
filtered, and evaporated to half, cheefe is depcfited. If it be 
again filtered, and a fmall quantity of the tartareous acid be 
added, a quantity of fmall cryftals of tartar are feen to be 
formed in the courfe of an hour afterwards, which according 
to Scheele can (not) arife only from the fmall quantity of 
muriate potafh (in milk, but from an effential fait*) which 
milk always contain. 

To feparate the various principles contained in four whey, 
the following procefs may be ufed, which was pointed out by 
the celebrated Scheele. 

Evaporate the four milk to one eighth. AH the acid fepa- 
rates, and remains on the filtre. Pour lime water on the refi- 
due; an earth is precipitated, and the lime combiner with the 
acid. The lime may be difplaced by the oxalic acid, which 
forms with it an infoluble oxalite, which fails down, and the 
acid of milk remains difengaged. The fluid is then to be eva- 
porated to the confidence of honey, and upon this very pure 
alcohol is to be poured. The fugar of milk, and ail the 
other principles, are infoluble, except the acid. The n 
being then filtered, the acid of milk may tfe feparated fro in 
its folvent by diftillation. This is the acid known by 1 
name of Laclic Acid. It poifefTes the following characters. 

* The words in the parenthefes are added, to render the u-.rt comfbr* 
mable to Scheele's Efiay. T. 
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i. When faturated with potafh, it affords a deliquefcent 
fait, foluble in alcohol. 

2. Withfoda, a fait not cryllallizable, and foluble in al- 
cohol. 

3. With ammoniac, a deliquefcent fait, which fuffers moil 
cf m alkali to efcape before the heat has deftroyed the acid. 

4. Barytes, lime, and alumine, form with it falts which 
are deliquefcent. 

5. Magnefia affords fmall cryftals, which are refolved into 
a liquor. 

6. Bifmuth, cobalt, antimony, tin, mercury, filver, and 
gold, are not attacked by it either hot or cold. 

7. It diffolves iron and zinc, and produces hydrogenous 
gas. The folution of iron is brown, and does not afford 
cryflais : that of zinc crydallizes. 

8. With copper it affumes a blue colour, which changes 
to green, and afterwards to an obfcure brown, without cryf- 
tallizing. 

9. When kept in digedion upon lead for feveral days, it 
diffolves it. The folution does not afford cryftals. A light 
fediment of a white colour is formed, which Scheele confiders 
as a fulphate of lead. 

Whey not four contains a faline fubdance, known by the 
name of Sugar of Milk. Meffrs. Valgamoz and Lichten- 
flein have defcribed the procefs ufed to obtain this faline 
fubflance. The milk is deprived of its cream in the ufual 
manner, and of its curd by rennet. It is then concentrated 
by evaporation till it has acquired the confidence of honey, 
after which it is put into moulds, and dried in the fun. This 
is called Sugar of Milk in Cakes ffacre de lait en tablettcs). 
Thefe cakes are diffolved in water, clarified with white of 
egp, evaporated to the confidence of fyrup, and fet to cryf- 
taflize in a cool place. It affords white cryflais in rhom- 
boidal parallelopipedons. 

Sugar of milk has a flightly faccharine tafte, infipid, and 
as it were earthy* It is foluble in three or four pints* of 
hot water. Mr. Rouelle obtained from twenty-four to thirty- 
grains cf afhes from one pound of this fait burned. Three- 
fourths confided of muriate of potafh, and the reft was car- 
bonate of potafh. 

* 3y an overfight fcr parts, T. 
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m Sugar of milk exhibits the fame appearances as fugar, 
either by diftillation, or on the fire. This fall®, treated 
with the nitric acid, afforded me three gros of oxalic acid in 
the month of July, 1787 (Memoir prefente a la Societe 
Royale des Sciences de Montpellief). Scheele obferved the 
fame fact nearly at the fame time. I obtained it in beautiful 
cryftals; Scheele, in the form of a white powderf. 

If fix fpoonfuls of good alcohol be mixed with three pints 
of milk, and the mixture be expofed to heat in clofe veflels, 
with the attention to give, from time to time, a flight vent 
to the gas of the fermentation; the milk is found, in the 
courfe of a month, to be changed into good acetous acid, 
according to Scheele. 

If a bottle be filled with frefh milk, and inverted beneath 
the furface of milk in an open veffel, and this be fubjecTed 
to a degree of heat a little exceeding that of fummer, at the 
end of twenty-four hours the milk is found to be coagulated; 
the gas which is developed difplaces the milk: a proof 

* The quantity of fait ufcd is not put down. Scheele obtained five 
drachms of acid of fugar in long cryftals, by diftilling nitrous acid from 
twelve ounces of fugar of milk and feven drachms and a half of the pecu- 
liar acid of fugar of milk in a white powder. The memoir of Scheele is 
dated 1780. • T. 

' f I do not fee by what cverfight it is that our ingenious author feems to 
confufethe twofalts together, which are afforded by treating the fugar of 
milk with nitrous acid. One, as obferved in the preceding note, is the ox- 
alic or faccharine acid, and the other the acid of fugar of milk. The pro- 
perties of this laft (Scheele's EfTays, London, 1786) are the following: 

1. It is combaflible like oil in a red-hot crucible, without leaving any 
mark of afhes behind. 2. Sixty parts of boiling water, or eighty of cold 
water, are required to dilTolve it. 3. Its tafte is fourifh, it reddens tinc- 
ture of litmus, and efrervefces with chalk. 4. By deftructive diftillation it 
melts, grow", black, froths very much; a brown fait, fmelling like a mixture 
of flowers of benzoin and acid of amber, fublimes; a brown liquid, without 
any appearance of oil, comes over into the receiver, and is found to c< 
fome of the fame kind of fait as was fublimcd. The fublimed fait is acid, 
eafily foluble in ardent fpirit, but more difficultly in water, and burns in the 
fire with a flame. 5. With all the foluble earths it forms falts infoluble in 
feater. 6. With vegetable alkali it forms a perfectly' neutral cryfla, 
fait, foluble in eight times its weight of boiling water, and fepar.-.: 
moft part by cooling. 7. With mineral alkali it forms a fait v, Lich re . 
only five parts of boiling water for its fblution. 8. With volatile all 
forms a fait whjch, after being gently dried, has a for 
not perceptibly aft on the metals; but forms, with the , ffelts of very 

difficult folubility, which therefore fail down. T. 
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according to Scheele, that the vinous fermentation has taken, 
place. 

To decompofe milk, and feparate its various conftitucnt 
parts, rennet, or the milk turned four in the flomach of 
calves, is commonly made ufe of. For this purpofe the milk 
is warmed, and twelve or fifteen grains of rennet is added to 
each pint. Gallium, the flowers of thiflle or artichokes, 
and the internal membrane of the flomach of birds dried, 
and reduced to powder, &c. are among the fubftances which 
maybe ufed to turn milk. The whey obtained in this man- 
ner is turbid ; but may be clariyed by boiling it with white 
of egg, and fubfequent filtration. 

On the mountain of Larzac I have feen the dairy woman 
plunge her arms up to the elbows in the milk, and change 
their place from time to time. This was done with a view 
to haften the feparation pf the principles; and it is probable 
that the heat, and perhaps certain emanations from the arm 
itfelf, might favour that effect. 

The folid mafs which feparates from whey, contains two 
other fubftances very interefling to be known; namely, cheefe. 
and butter. 

If any vegetable or mineral acid be put into milk, a coa- 
gulation follows, as is well known. The only difference is, 
that the mineral acid affords lefs cheefe or curd than the ve- 
getable; and the various fubftances ufed to coagulate milk, 
may perhaps aft merely by virtue of the acid they contain. 
Olaus Borrichius obtained no acid from curdled milk at a de- 
gree of heat incapable of decompofing it. The coagulum 
which is afforded in all thefe cafes, contains a fubflance of 
the nature of gluten, which forms the cheefe; and another 
fubftance of the nature pf oils, which forms the butter. 
When cheefe is prepared for the table, the butter is not fe- 
parated, becaufe it renders it milder and more agreeable. 

The cauftic alkalis diflblve cheefe by the afli fiance dfheat. 
But it is not held in folution by an alkali in milk. 

If one part of cheefe newly feparated, and not dried, be 
mixed with eight parts of water flightly acidulated by a mi- 
neral acid, and the mixture be boiled, the cheefe will be dif- 
folved, though it Would not have been fenfibly afted on by 
a vegetable acid. This is the caufe why the vegetable acids 
feparate a ranch greater quantity of curd from the lame 
quantity of milk than the mineral acids do. 
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The caufe why falts, gums^fugar, &c. coagulate milk, 
may be deduced from the greater affinity of the water with 
thefe bodies than with the cheefe. 

The earth of cheefe is a phofpate of lime, according to 
Scheele. 

No fubftance has a ftronger refemblance to cheefe than 
the white of egg boiled. White of egg is diflblved in dilu- 
ted acid, and alfo in cauftic alkali, and in lime-water, and is 
precipitated from them by acids. 

Scheele thinks that the coagulation of white of egg, 
lymph, and cheefe, is owing to the combination of caloric ; 
and he proves his opinion as follows: — Mix one part of white 
of egg with four parts of water; pour in a fmall quantity of 
pure alkali ; add as much muriatic acid as is neceffary to fa- 
turate it, and the white of egg will coagulate. In this expe- 
riment there is a change of principles. The heat of the al- 
kali combines with the white of egg, and the alkali with the 
muriatic acid*. 

Ammoniac diffblves cheefe more effectually than fixed al- 
kalis. If a few drops be poured into coagulated milk, it 
quickly caufes the coagulum to difappear. 

Concentrated acids Ukewife dhTolve it. Nitric acid dif- 
engages nitrogene. 

The curd dried, and placed in a proper fituation to un- 
dergo a commencement of the putrid fermentation, acquires 
confidence, tafte, and colour. In this ftate it is ufed at table 
by the name of Cheefe. 

At Roquefort, where I have attended the manipulations 
of the excellent cheefe which is made there, care is taken to 
prcls the curd well, in order to expel the whey, and to dry 
it as accurately as poflible. After this it is taken into caves, 
where the temperature is two or three degrees above o. The 
fermentation is developed by a fmall quantity of fait. The 

* The reafoning of Scheele is more fully this: — Heat coagulates white 
ofeng, without diminifhing its weight: whence he concludes coagulated 
white of egg to be a combination of heat with white of egg. Acids expel 
heat from cauftic alkalis when they combine with them, but not from mild 
alkalis. A very dilute alkali is ufed in this experiment, that the tempera- 
ture may not be raifed, and nevertheless the e#e<£t takes place'; but it does 
not when a mild alkali is ufed. Whence he concludes that the heat of tha 
caufiic alkali, initead of being employed to raife the temperature, has en- 
tered into combination with the white of egg, and coagulated it. T. 
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putrefaction is fufpended by fcraping the furface from time 
to time; and the fermentation thus governed by art, and 
kept under by the coolnefs of the caves, produces a flow ef- 
fect upon all the cheefe, and fucceffively developes the red 
and blue colours, of which I have given the etiology in a. 
Memoir on the Fabrication of Cheefe at Roquefort, prefent- 
ed to the Royal Society of Agriculture, and printed in the 
fourth volume of the Annales Chimiques*. 

Butter is the third principle contained in milk. It is fe- 
parated from the fcum and the cafeous matter by rapid 
agitation. The fubftance called cream is a mixture of cheefe 
and butter which floats on the top of the milk. Violent agi- 
tation converts this into froth; in which date it is called 
whipped cream. 

Butter has a foft confidence, is of a yellow golden colour 
more or lefs deep, of a mild agreeable flavour, melts eaiily$ 
and becomes folid again by mere cooling. 

Butter is eafily changed, and becomes rancid like oils; 
The acid which is developed may be carried off by water, 
or by fpirit of wine, which dhTolve it. Fixed alkali diffolves 
butter, and forms a foap little known. 

Diflillation affords a coloured concrete oil from butter, 
and a flrong pungent acid. This oil, by repeated diflilla- 
tion, becomes altered, and refembles volatile oils. 

Milk is therefore a mixture of oil, lymph, ferum, and fait; 
This mixture is weakly united, and the union between the 
principles is eafily destroyed. Milk is faid to be turned wheil 
the difunion of its principles is effected by mere repofe; but 
when this feparation is made by re-agents, it is laid to be 
curdledf or coagulated. 



CHAPTER III. 

Concerning the Blood, 

JjLOOD is that red humour which circulates iti 
the human body by means of the arteries and veins, and 
fupports life by fupplying all the organs with the peculiar 

* It is in the fourth volume of the Annates de Chlmie that the author 
has inferted an extract from his excellent Memoir on this fubjedt. T. 

f Lait tourne and tail cattle. This diftindlion fcarcely obtains in th? 
Englifh language. T. 
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jnices they demand. It is this humour which receives the 
product of digeflion from the flomach, which it elaborates 
and annualizes. This humour is with reafon confidered as 
the focus of life. The difference of temperaments with re- 
gard to the paffions, has been attributed to it by all the phi- 
lofophers who have treated this fubject. It is in vain that 
phyficians have changed their fyftem ; for the opinions of the 
people have been lefs verfatile, and they have continued to 
attribute al! the fhades of temperament to the modifications 
of the blood. It is likewife to the alterations of this humour 
that phyficians have for a long time afcribed the caufe of al- 
moit every malady. It is more efpecially entitled to the 
attention of thechemift. 

The blood varies in the fame individual, not only with 
regard to the date of health, but likewife at the fame in- 
ftant. The blood which circulates through the veins has not 
the fame intenfity of colour, nor the fame confidence, as 
that of the arteries; that which flows through the organs of 
the bread differs from that which pafies languidly through 
the vifcera of the lower beliy. 

The blood differs alfo — i. According to the age. In 
infancy it is paler and lefs confident, i. According to the 
temperament. Sanguiue perfons have the blood of a vermi- 
lion red; in the phlegmatic it is paler; and in the choleric 
it is more yellow. 

The temperature of the blood is not the fame in the feve- 
ral fpecies of animals. Some have the blood hotter, and 
fome colder, than the medium in which they live. Animals 
with lungs have the blood redder and hotter than thofe 
which are without that organ ; and the colour and heat are 
in proportion to the extent and perfection of the lungs, as 
Xvl. Buffou and Broufibnet have obferved. 

The blood putrefies by a gentle heat. If it be diftilled on 
the water-bath, it affords phlegm of a faint fmell, which 
eafily putrefies. Blood dried by a proper heat, effervefces 
with acids; if expofed to the air, it attracts humidity; and 
at the end of feveral months a faline efflorefcence is formed, 
which Rouelle has afcertained to befoda. If the didillation 
of blood be carried farther, the product is acid, oil, carbo- 
nate of ammoniac, Sec, A fpongy coal remains in the .retort, 

4N 
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of very difficult incineration, in which are found (ea fait 
carbonate of foda, iron, and phofphate of lime. 

Alcohol and the acids coagulate the blood; alkalis ren- 
der it more fluid. 

But if the bleed received in a (hallow bafon be obferved, 
the following alterations are feen MTt firft becomes divided 
into two very diftincT: fubftances, the one liquid, (lightly 
greenifh," and called lymph, or ferum; and the other red- 
di(h and folid, called the fibrous part of the blood. It is 
this feparation of the blood which has caufed the exigence 
of polypi in the larger veffels to be credited, becaufe concre- 
tions have been found in thofe veffels after death. We 
will feparately examine thefe two fubftances. 

Serum has a yellow colour, inclining to green. Its tafte 
is (lightly faline. It contains a difengaged alkali, turns fy- 
rup of violets green, and hardens in a moderate heat, which 
is the character of the lymph. Serum diftilled on a water- 
bath affords an infipid phlegm, neither acid nor alkaline, but 
very readily putrefying. When this phlegm has paffed 
over, the refidue is tranfparent like horn, no longer folu- 
ble in Water, and affording by diftillation an alkaline phlegm, 
carbonate of ammoniac, and a fetid blackifli oil more or lefs 
thick; the remaining coal in the retort is very voluminous, 
and very difficult to incinerate; the affies afford muriate of 
foda and phofphate of lime. 

Serum eafily putrefies, and then affords much carbonate 
of ammoniac. 

Serum poured into boiling water coagulates; but it con- 
tains a part which is foluble in water, to which it commu- 
nicates a milky colour, and all the preperties of milk, ac- 
cording to Bucquet. 

Alkalis render the ferum more fluid, but acids coagulate 
St. By filtering and evaporating the fluid, a neutral fait is 
"obtained, confifting of the acid employed, and foda. It 
appears therefore that the lymph is kept in the liquid ftkte by 
the predominating alkali. 

- The thickened ferum affords mephitis by the nitric acid, 
affifted by a (light heat; if the fire be increafed, nitrous gas 
is difengaged: the rcildne affords the oxalic acid, and a 
portion -of malic acid. 

Serum is coagulated by alcohol; but the coagulum is fo- 
luble in water, and in this it differs much from the coaguium. 
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formed by acids: this difference depends on theeircumftance 
that .the alcohol feizes the water which diluted: the ferum; 
Whereas the acid feizes the alkali which diiTolved it. 

The clot or fibrous part- of the blood likewife contains 
much lymph; but this may be . difengaged by warning-. 
The water al the fame time carries off the colouring matter^ 
which contains much iron: and this coagulated part, when, 
well waihed, forms a fibrous white fubftance void of finell-; 
which, diflilled on the water-bath, affords aninfipld phlegm, 
eafily fufceptible of putrefaction. = The -refidue becomes 
very dry, even by a gentle heat; when fuddenly expefed to 
a considerable heat, it fhrinks up like parchment; but when 
diftilled in a retort it affords an alkaline phlegm, carbonate 
of ammoniac, oil, &c. The coal, which is lefs voluminous 
and lighter than that of lymph, affords the phofphate of 
lime by incineration. 

The fibrous part putrefies with considerable quicknefs, and 
affords much ammoniac. 

_ 

The alkalis do not diffolve it, but acids combine with it* 
The nitric acid difengages much nitrogene, and afterwards 
diffolves it with effervefcence, and difengagement of nitrous 
gas. The refidue affords oxalic acid, and a fmall quantity 
of the malic acid. 

This fibrous fubftance is of the nature of the mufeular 
fibre, which caufed Bordeu to call the blood fluid fiefh: and 
long before the time of this celebrated phyfician, Paul Zac- 
chia afferted that " caro nihil aliud ell quamfanguis concre- 
tus" (Que'i. Legalis, p. 239). This fibrous matter is more 
-animalizcd than the lymph: and it appears to be prepared 
by the very act of circulation to concur in augmenting the 
parts of the human body. 

Blood contains much iron. The experiments of Men- 
jah'ini„ Buequet, and Lorry, prove that this- metal is capa- 
ble of paffmg into the blood by the firft paffages, fmce pa- 
Rents who are under a courfe or martial medicine void i t by 
the way of urinev When the coagulated part of the blood 
Eas been waflied, if that part which has retained the colour- 
r,i •; matter be binned, and the coal lixiviated, the refidue 
of this lixivium is in the ilate of faffron of mars, of a fine 
colour, and .uiinilly obedient to the magnet. 
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The colour of blood has been attributed to iron ; and it 
is very true that the colour appears to be entirely formed 
of it, for there exifts no veftige of this metal in the vvaihed 
and difcoloured coagulum: but as, on the other hand, the 
blood does not become coloured without the concourfc of 
air, and as oxigene alone is aforbed in refpiration, it appears 
that the colour is owing to iron calcined by the pure air, and 
reduced to the (late of red oxide. 

From this manner of conceiving the phenomenon, we 
may perceive why animal fubftances are fo advantageous in 
aiMing and facilitating the red dye, and why thefe fuhftan- 
ees take colours more eafily. 



CHAPTER IV. 

Concerning Fat. 



F. 



AT isacondenfed inflammable juice contained in 
the cellular membrane: • its colour is ufually white, but 
fometimes yellow; itstafte infrpid; and its confidence more 
or lefsfirm, in the various fpecies of animals. In cetaceous 
and other Mi, it is nearly fluid; in carnivorous animals the 
fat is more fluid than in frugivorous animals, according to 
Mr. De Fourcroy. In the fame animal it is more folid near 
the kidneys, and under the fkki, than in the vicinity of the 
moveable vifeera; as the animal grows old, the fat becomes 
yellow, and more folid. Confult De Fourcroy. To obtain 
fat in a (late of purity, it is cut into fmall pieces; the mem- 
branes and fmaller veffels are feparated; it is warned, then 
fufed with a fmall quantity of water, and kept in fufion until 
all the water is evaporated. This lad fluid which floats 
above it, boils; and when the ebullition ceafes, it is a proof 
that al! the water is dilTipated. 

Fat has the greateft analogy with oils. Like them it is 
not mifcible with water; it forms foaps with alkalis; and 
burns in the open air, by the contact of an ignited fubiiance, 
at a fufficient heat. 

Neumann treated the fat of the goofe,of the hog, of the fheep 
and of the ox, in a glafs retort by a graduated fire. He obtain- 
ed phlegm, an empyreumatic and brownifh oil, and a brilliant 
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coal. He concludes from his analyfis that there is little dif- 
ference between fats; aud that that of the -ox appears only 
to contain a little more earthy matter. This very imperfect 
analyfis throws no light on the nature of fat; and we are 
indebted to Meffrs. Segner and Crell for experiments of a 
much more interehing kind. We dial! relate the chief. 

1. -Beef iuit diitilled 0:1 the water-bath, in a jglafs retort, 
affords oil and phlegm; it forms foaps with potalii: the red- 
dim, phlegm has an. acid :afte; effervesces with alkali, with- 
out reddening the fyrup of violets, which affumes a brown 
colour by this mixture. 

2. The marrow of beef affords the fame produces, except- 
ing that a fubflance firft paries over of the conlifence of but- 
ter. The phlegm has no fmell when cold. Fixed alkali occa- 
fions a weak effervefcence. 

Mr. Crell has inftrufted us in the means of obtaining a 
peculiar acid from fat, which is at prefent diitinguimed by 
the name of the Sebacic Acid. 

Heat firft attempted to concentrate this acid by diftilling 
off the phlegm; but this did not fucceed, for the liquid in 
the receiver was as acid as that in the retort. He then fatu- 
rated all the acid with potafh, and obtained a brownifh fait 
by evaporation, which he fufed in a crucible, to burn the oil 
which contaminated it. This fait, by folution and evapora- 
tion, afforded a foliated fait. He poured four ounces of ful- 
phuric acid upon ten ounces of the fait, and diinlled by a very 
gentle fire. The febacic acid psffed over in the form of a 
greyiih vapour; and half an ounce, very fuming and acrid, 
was found in the receiver. Crell obferves that, in order to 
fucceed in this operation, the fait mult be kept a lonr; 
time in fufion, without which the acid would be mixed with 
oil, which weakens its virtue. 

By diftillation of fat in a copper alembic, Pv'lr. Crell ob- 
tained the pure acid. But the fire neceifary for this purpofe 
alters the veffel, canfes the tin to run oil", and the acid itfeu 
becomes charged with copper. 

It has long been known that the alkalis form a kind of 
foap with animal fat. Mr. Crell, by treating this foap with 
a folution of alum, feparated theoii, and obtained the ■febate 
of potafh by evaporation: the fulphuric acid afterwards dif- 
tilied from this fait, decompofes it; and by this means the 
febacic acid is feparated. 
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Mr. Be Morveau melted fuet in an iron pot; and to xhh 
be added pulverized quicklime, taking care to (fir. it conti- 
nually at the commencement; at the end of the operation, a 
coniiderable heat was applied, taking care to raife the veffels, 
in order to avoid expofure to the vapours. When the whole 
was cold, it was found that the fuet had no longer the fame 
folidity. This was boiled in a large quantity of water ; and 
the lixivium, after filtration, afforded a brown acrid fait, 
which is the febate of lime. This fait is foluble in water, 
but would require too much time to purify it by repeated 
cryftallizations. This purpofe is more eafily anfwered by 
expofing it to a degree of heat capable of burning the, oil ; 
after which, a fingle folution is fufficient to purify it. It 
leaves its oil upon the fi'kre in the (fate of coal; and nothing 
more is then neceffary than to evaporate it. 

The folution ufually contains a fmall quantity of quick- 
lime, which may be precipitated by the carbonic acid. This 
fait, treated in the fame manner as the febate of potafh, 
affords the febacid acid. 

This acid exifls ready formed in fuet: two pounds afford- 
ed fome what more than feven ounces to Crell. It exifls 
ready formed in the fat, fince earths and alkalis difengage it. 

It has the greatefl affinity with the muriatic acid, as it 
forms with potafh a fait which melt?, in the fire without be- 
ing decom poled; it acts powerfully on gold, when mixed 
with the nitric acid; it precipitates filverfrom the nitrate of 
filver; it forms a fublimate with mercury, and the folution 
of this fublimate is not rendered turbid by the muriate of 
foda. But though this acid approaches the muriate in fe- 
veral refpecfs, it differs from it in other's, and hitherto feems 
to be nothing but a modification of that acid. With foda, 
it forms cryltals in needles, and a cryitallized fait with lime. 
It decompofes common fait, -&c. 

Mr. Crell obtained the acid of fat by diftillation from the 
butter of cacao. Spermaceti likewife affords it. 

The properties of this acid are the following: 

It reddens blue vegetable colours. 

It affumes a yellow colour by fire, and leaves a refidue, 
which announces a partial decompofition. From this cir- 
cumrfonce, Mr. Crell confiders it as occupying the middle 
fpace between the vegetable acido which are deftroyed by 
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fire, ^nd the mineral which receive no alteration. Its exig- 
ence in the butter of cacao, and in fats, is favourable to the 
notion of Crell on this fubjeft. 

It attacks the carbonates of lime and alkali with efferve- 
scence, and with them forms falts which Bergmann finds to 
be very fimilar to the acetites with the fame bafis. 

This acid, as Mr. De Morveau obferves, jfeeps to have 
fome aftion upon glafs. Mr. Creil havmg digefted it feve- 
ral times upon gold, always obtained a precipitate of whiic 
earth, which was not lime, but which he prefumes- to have 
been carried up in the diilillation, and could only arife from 
the retort ltfelf. 

This acid does not perceptibly aft on gold: but it attacks 
the oxide, and forms a cryftallizable fait, as it does like wife 
with the precipitates of platina. 

It unites with mercury and with fiber; yielding the lat- 
ter to the muriatic acid, but not the former: it takes both 
from the fulphuric acid, lead from the nitric and acetous 
acids, and tin from the nitro-muriatic acid. 

It attacks neither bifmuth, cobalt, nor nickel. 

It does not decompofe the fulphates of copper, of iron, 
or of zinc; nor the nitrates of arfenic, manganefe, zinc, &c. 

It reduces the oxide of arfenic by diilillation. Crell form- 
ed a febacic ether. 

From this analyfis it appears that fat is a kind of cil or 
butter rendered concrete by an acid. 

Its ufes are- — 1. To keep up the heat of the body, and 
defend the vifcera from the impreflion of external cold. z. 
To ferve as nourifhment or fupport for the animal on the 
pccafions of want, ficknefs, &c. 



CHAPTER V 

Concerning the Bile. 

Tj 
HE Bile is one of thofe humours which it h >l- 
fential to know,' on account of the influence -and e&ft it |as 
both in the dates of health and diforder. ^ We mall even 
fee that its analyfis is fuHiciently perfeft to aflbrd inftiuftioa- 
ill an infinity of cafes. ... 
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This humour is feparated in a large vifcus of the lower 
belly, called the Liver; it is afterwards depofited in a blad- 
der, or refer voir, called the Gall Bladder; from which it is 
conveyed into the duodenum by a particular channel. 

The L 11 incus, or imperfe&jy fluid, like oil; of a 

very bitter taftej a green colour, inclining to yellow; and 
froths by agitation like the fclution of foap. 

If it be diitilled on the water-bath, it affords a phlegm, 
which is neither acid nor alkaline, but putrefies. This 
phlegm, according to the obfervation of Mr. De Fourcroy, 
often emits a itr.eli refembling that of niufk: bile itfelf has 
the fame property, according to the general obfervation of 
butchers. When the bile has given out all the water it is 
capable of affording upon the water-bath, the refiduc is a 
dry extracl, which attra&s the humidity of the air, is tena- 
cious, pitchy, and foluble in water. By diflillation in a re- 
tort, it affords ammoniac, an empyreumatic animal oil, con- 
crete alkali, and inflammable air. The coal is more eafily in- 
cinerated than that we have lafl treated of. It contains iron, 
carbonate of foda, and profphate of lime. 

All the acids decompofe bile; and difengage an oily fub- 
ftancc, which rifes to the top. The falts afterwards obtained 
by evaporation, have foda for their bafis ; which fliews that 
the bile is a true animal foap. The oil which is combined 
with foda is analogous to refms, is fcluble in fpivit of 
winf', See. 

The metallic foluticns decompofe bile by double affinity, 
and produce metallic foaps. 

Bile unites with oils, and cleans fluffs in the fame man- 
ner as foap. 

Bile is foluble in alcohol, which feparates the albuminous 
principle. It is this lafl fubflance which renders bile coagu- 
by fire and by acids; and it is this likewife which 
hallcns its putrefaclion. 

The cenftituent principles of bile are, water, a fpiritus 

i To; '. a ivnr; .'., Lie fubftance, a refinous oil, and foda. Mr. 

Cadet ha'i found a fait in it, which he thought fimilar to 

k : this fall is probably no other than that which 

difcovered by Mr. Poullctier. 

e a foap, refulting from the combination 
ofjsfi&j and a lymphatic 
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-ince, which renders it fufceptible of putrefaction and 
> coagulation This fubflance gives the bile i f .j charjdfca of 
alization, dimicifhes its acridity, and favours its mix- 
ture with the other humours. The faline part renders the 
bile more fluid and feluble in water; and it is more acrid the 
more this principle abounds. 

The refinous part differs from vegetable refins — 1. Be- 
came thefe do not form foap with fixed alkalis. 2. Bccaufe 
they are more acrid and more inflammable. 3. Becaufe the 
animal refm melts at the temperature of 40 degrees, and ac- 
quires a fluidity fimilarto that of fat; from which however 
it dieters in not being foluble in alcohol, in which reipect it 
approaches to fpermaceti. 

- The acids which act upon bile in the fhft paffages, decom- 
pcfe it. The greenifh yellow colour of the excrements of 
infants at the bread, ariies from a fimilar decompofition; 
and it is the refmous part which tinges them. From the 
action of the bile upon acids, we may deduce the effect of 
thefe remedies when the evacuations are putrid, and the de- 
generation of the bile is feptic. The lymph is then coagula- 
ted, and the excrements become harder. This (hews the 
reafon why the excrements of infants are To frequently clot- 
ted. 

. When the bile remains a long twne in the firft pafTages, 
as for example in chronica"! diforders, it alfumes a black co- 
lour, becomes thick, acquires the confidence of an unguent, 
and forms a lining of feveral lines in thickuefs in the intefli- 
nal canal, according to the obiervation of Mr. De Fourcroy. 
reared on paper, and dried, it becomes green; di- 
luted with water, it forms a tincture of a yellow green colour, 
from antity of black fcales are precipitated: 

alcohol it likewife forms a black tincture, and depofits 
that laminated brilliant fait difcovered in biliary calculi by 
Mr. Poulletier dela Salle. This humour, which forms the 
atra bihs of the ancients, is nothing but the bile rendered 
thick; and in this cafe the effect, of acids, and the danper 
of irritating fubdances, may be eaiily accounted for. This 
kening cf the bile clogs the vifcera of the lower belly, 
and produces ob (tract ions. 

:. i any diforders are referabl nant charac- 

ter of the bite; On this fubjeft, the interesting Memoirs of 

4O 
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Mr. De Fourcroy may be confuited, in the collection of the 
Royal Society of Medicine for the years 1782 and 1783. 

When the bile becomes thick in the gall bladder, it forms 
the concretions called biliary calculi. Mr. Foulletier has 
paid great attention to the analyfis of thefe If ones. He has 
obferved that they are foluble in ardent fpirit. When the 
folution is left to itfelf for a certain time, brilliant and light 
particles are feen in it, which Mr. Foulletier found only in 
the human calculi, and which appeared to him to have the 
greatefl: analogy with the fait of benzoin. 

Mr. Fourcroy has obferved that the difcovery of Mr. De 
la Salle has been confirmed by the Royal Society (of Medi- 
cine), which has received feveral biliary calculi that appear- 
ed to be formed by a fait analogous to that which was obfer- 
ved by this chemiii:. They confifl of mafles of tranfparent 
cryflalline plates, fimilar to mica or talc. The Society of 
Medicine poffeffes in its collection a gall bladder entirely fill- 
ed with this faline concretion. 

W T e may therefore, as Mr. De Fourcroy obferves, ad- 
mit of two kinds of calculi: the one are opake, and are af- 
forded only by the condenfed bile j the others confifl of the 
cryflals we have defcribed. 

Boerhaave obferved, long fince, that the gall bladder of 
oxen, at the end of the winter, was filled with calculi, but 
that the freih pafturage diffipated thefe concretions. 

Soaps have been propofed as folvents for thefe calculi. 
The Academy of Dijon has publifned the fuccefs of a mix- 
ture of effence of turpentine and ether. Frefh vegetables, 
which are fueh fovereign remedies in deftroying thefe con- 
cretions, owe their virtue perhaps to the circumftance that 
they develope an acid in the ftomach, as we have obferved 
in treating of the gaftric juice. 

The ufe of the bile, in the animal ceconomy, confifts, no 
doubt, in dividing thofe fubftances which have undergone a 
firft digeftion in the ftomach; and in giving efficacy and 
force to the motion of the interlines. When its flux is inter- 
rupted, it abounds in the blood, and the whole body be- 
comes of a yellow tinge. 

The bile or gall is an excellent vulnerary externally ap- 
plied: internally taken, is is a good ftomachic, and one of 
the befl deobftruents the" art of medicine poffeffes. This 
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kind of remedies deferves the preference, as being more 
analogous to theconflitution; and bile is a proper medicine 
when the digeition languiikes, or the vifcera of the lower 
belly are clogged. 

Bile, like other foaps, removes fpots of oil, or other 
greafy matter, from fubitances to which they are adherent. 



CHAPTER VI. 
Concerning the Soft and White Parts of Animals. 

-I HESE parts are perhaps lefs known than thofe of 
which we have jftft treated ; but their analyfis is not lefs in- 
terefting : we may even affirm that it is more (o; becaufe the 
application of the knowledge we may acquire on this fubjeft, 
will daily prefent itfelf in the commoncil purpofes of domef- 
tic life. 

All the parts of animals, whether membranes, tendons, 
aponeurofes, cartilages, ligaments, or even the fkin and 
horns, contain a mucous iubftance very foluble in water, 
but not in alcohol, and known by the name of Jelly. No- 
thing need be done to obtain it, but to boil thefe animal fub- 
ftances in water, and concentrate the decoction, until by 
mere cooling it aflnmes the form of a folid tremulous mafs. 

Jellies are very common in cur kitchens.: and the cooks 
are perfectly w"i: acquainted with the methods of making 
them, and of giving them folidity when the temperature of 
the atmofphere sl very hot. The jelly of harts-horn is ex- 
tracted by a fimilar operation, and afterwards rendered white 
with the milk of almonds. This kind of food, duly fcented, 
is ferved up at our tables by the name of blanc manger. Jel- 
lies are in genc., : vrlorative and nourishing: that of harts- 
horn is :-. : emollient. 

Jellied .' 1 have no fmell in their natural (late, and 

th e i r t a ft B y di if i 1 ! a i i o n th sy a itor dan i n fi p i d 

and inodorous phlegm, which eafily putrefies. A flronger 
heat caufes thorn tolwellup, become black and emit a fetid 
odour accompanied with white acrid fumes. An a'' 
phlegm men pa lies, over, fiiccecded by ancnpyreumaiic oil, 
and a little carboaate of ammoniac. A fpongy coal remains 
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"which is with difficulty reduced to allies, and affords by ana- 
lyfis muriate of foda and phofphate of lime. 

Jelly cannot be kept above a day in the fummer, or two 
or three in the winter. When it becomes fpoiled, white 
livid fpots are formed on its furface, which fpeedily extend 
to the bottom of the pots. A large quantity of nitrogenous, 
hydrogenous, and carbonic gas is emitted. 

Water, difiblves jellies perfectly. Hot w r ater diffolyes a 
large quantity, as they become confident only by cooling. 
Acids likewke diifolve them, and alkalis more efpecially do. 

The nitric acid difengagesnitrogenegas, according to the 
fine experiments of M. Berthollet. 

When jelly has been extra&ed without long decoction, 
and has no lymph mixed with it, it then poiTeffes mod of 
the characters of the vegetable jelly: but it is feldorn ob- 
tained without a mixture of lymph; and in this cafe it effen- 
tially differs from the vegetable jellies, in affording nitrogene 
gas and ammoniac. 

If jelly be concentrated tofuch a degree as to give it the 
form of a cake, it is deprived of the property of putrefying; 
and by this means the dry or portable foups are formed, 
\viticji may be of the greateft advantage in long voyages. 
The Following is a receipt for preparing thefe cakes: 

Calves feet 4 

Leg of beef 1 2 pounds. 

Knuckle of veal 3 pounds. 

Leg of mutton 1 o pounds. 

Tnefe are to be boiled in a fufficient quantity of water, 

the fcum taken off as ufual ; after which the foup is to 

■ the meat by draining and preflure. The 

alecond time in ether water; and 

mud be left to 

The 




■ be canned witu nve or iix whites or eggs, 
and a f: itity cf common fait added. ■ The liquor 

is then drained tl flannel, and evaporated on the wa- 

ce of a very thick pade ; after which ' 
it i . her thin upon a fmooth dene, then cut into 

cak in a dove until it becomes brittle: 

edbotiles. The fame pro- 
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cefs may be ufed to make a portable fcup of the flefh of poul- 
try ; and aromatic herbs may be ufed as a feafoning,if thought 
proper. 

Thefe tablets or cakes may be kept four or five years. 
When intended to be ufed, the quantity of half an ounce is 
put into a large glafs of boiling water, which is to be cover- 
ed, and fet upon hot afties for a quarter of an hour, or un- 
til the whole is entirely difTcIved. It forms an excellent foup, 
and requires no addition but a fmall quantity of fait. 

The cakes of hockiac, which are prepared in China, and 
are known in France by the name of coile de peau dNMe'^ are 
made with animal fubftances. They are ufed in diforders 
of the lungs, in the dofe from half a dram to two drams. 

The nature of the fubftances made ufe of, and the method 
of operating, produce fome difference in thefe products. 
Old or lean animals afford in general a better gjue than the 
young and fat. For a full account of the art of making 
glue, confult V Art de fair e differ entes Efpeces de Cclle, par 
M. Duhamel de Monceau, de I' Academic des Sciences. 

i. To make the ftrong or Englifh glue, the parings of 
leather, the ikins of animals, with the ears of oxen, calves, 
fheep, &c. are ufed. Thefe matters are firft digelled in wa- 
ter, to penetrate the texture of the fkins; they are after- 
wards deeped in lime water, taking care to ftir and agitate 
them from time to time; they are then laid in a heap for 
fome time, afterwards warned, and the fuperabundant water 
preffed out by a prefs. Thefe fkins are then digefted in 
water gradually heated to ebullition. The liquor is after- 
wards poured out, and feparated with preffure. Laflly, it 
is thickened by evaporation of the water by heat, and pour- 
ed on fiat polifhed Hones or into moulds, and left to dry and 
harden. 

This glue is brittle. It is foftened by heating it with a 
fmall quantity of water for ufe, and is applied with a brufh. 
Carpenters and cabinet-makers ufe it to faften pieces of wood 
together. 

2. The glue of Flanders is merely a diminutive of the 
ftrong glue. It has not the fame confidence, and cannot 
be ufed in glueing wood; it is thinner and more tranfparent 
than the former. It is made with a more accurate choice of 
materials, and with greater care. It is ufed by designers. 
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Mouth glue is made of this, to flick paper together, by 
fufing it again with the addition of a fmall quantity of wa- 
ter, and four ounces of fugar-candy to a pound of the glue. 

3. The colle de gand is made with the clippings of white 
gloves, well deeped in water, and boiled: it is likewife made 
with the clippings of parchment. In order that thefe two 
kinds of glue may be fit for ufe, it is neceffary that they be 
of the confidence of a tremulous jelly when cold*. 

4. Fiih-glue, or ifinglafs, is made of the mucilaginous 
parts of a large fi(h commonly found in the Ruffian feas. 
The flvin, the fins, and the nervous parts, are cut into dices, 
boiled on a flow fire to the confidence of jelly, fpread out to 
the thicknefs of a meet of paper, and formed into cakes or 
long pieces, fuch as we receive them from Holland. The 
lilk manufacturers, and more efpecially the ribbon weavers, 
ufe it to give a luflre to their goods: it is alfo ufed to diffen 
gauzes; and to clarify or fine wine, by mixing a folution of 
this fubdance with it. Ifinglafs enters into the composition 
of fome platters. It is excellent to correct acrid humours, 
and terminate obflinate venereal diforders. 

Gilders fize is made by boiling eel-fkins in water with a 
fmall quantity of lime: the water is drained off, and fome 
whites of eggs added. When it is intended to be ufed, it is 
heated, applied to the furface intended to be gilded, and 
when it is dry the gold leaf is laid on. 

5. The glue of mails is made by expofing fnails to the 
fun, and receiving in a glafs the fluid which flows from 
them. This liquor is mixed with the juice of milk thidle. 
It is ufed to cement glaffes together, which are afterwards 
expofed to the fun to dry. 

6. To make the glue of parchment, or parchment fize, 
two or three pounds of the clippings of parchment are put 
into a pail of water. Thefe are boiled until half the water 
is evaporated ; after which the whole is drained through a 
cloth, and left to fettle. 

The glue or fize ufed in the paper manufactories, to fortify 
the paper, and to repair its defects, is made with wheat flour 
diffufed in boiling water, and drained through a fieve. This 
fize mud be ufed the following day, and neither {boner nor 

* Thefe weaker glues are called Size by our workmen, who apply the 
name of Glue to the ftrong glue only. T. 
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later. The paper is afterwards beat with a mallet, fized a k- 
cond time, -put into the prefs to fmooth and unite- it, and af- 
terwards extended by hammering. 



CHAPTER VII. 
Concerning the Mufcular or Flefliy Parts. 



T, 



HE mufcles of animals are formed of longitudi- 
nal fibres connected together by the, cellular membrane, and 
impregnated with various humours, in which we find partly 
thofe we have already examined feparately. 

Theanalyfis of thefe mbftances by diflillation afforded us 
little inflruction reflecting their nature. The products were, 
water which eafily became putrid, alkaline phlegm, empy- 
reumatic oil, carbonate of ammoniac, and a coal which af- 
forded by incineration a fmall quantity of fixed alkali, and 
febrifuge fait. 

The procefs which fucceeds the befl for feparately obtain- 
ing the various fubftances which compofe mufcles, is the 
following, which has been pointed out to us by Mr. De 
Fourcroy. 

1 . The mufcle is firfl waflied in cold water : by this means 
the colouring lymph, and a faline fubflance, are taken up. 
By flow evaporation of this water, the lymph coagulates, and 
may be feparated by the filtre; and a continuance of the eva- 
poration affords the faline matter. 

2. The refidue of the firfl wailiing is digefled in alcohol, 
which diffolves the extractive matter, and a portion of the 
fait; the extract is feparated by the evaporation of the alco- 
hol. 

3. The refidue of thefe firfl operations is to be boiled in 
water, which takes up the jelly, the fat part, and the remain- 
ing faline and extractive matters. The fat oil fwims on the 
furface, and may be taken off. 

4. After thefe operations, there remains only a white in- 
fiped fibrous fubflance, infoluble in water; which contracts 
by heat, like other animal fubftances; affords ammoniac* 
and very fetid oil, by diflillation. Nitrogene gas is obtain- 
ed from it by the nitric acid. It poiTeiTes all the characters 
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of the fibrous part of the blood, in which fluid it is formed, 
to be afterwards depofited in the mufcles, where it receive:; 
the lad character appropriated to it. 

Mr. Thouvenel, to whom we are indebted for intereftinf 
refearches on this fubject, has found in flefh a raucous c - 
rra&ive fubflance, foluble in water and in alcohol, poffefling 
a peculiar tafte which jelly has not; and when this fubftance 
is very much concentrated, it affumes an acrid and bitter 
tafte. Fire developes an aromatic flavour in it. This fub- 
ftance, evaporated to drynefs, aflumes a bitter, acrid, and 
faline tafte. It fwelis up upon hot coals, and liquefies j 
emiting an acid, penetrating fmell, refembling that of burn- 
ed fugar. It attracts the humidity of the air, and forms a 
faline efHorefcence. In a hot atmofphere it becomes four, and 
putrefies. All thefe characters indicate a refemblance between 
this fubftance, the faponaceous extracl-s, and the faccharinc 
matter of vegetables. Mr. Thouvenel, who has likewife anajy- 
fed the fait obtained by the decoction and flow evaporation of 
flefh, obtained it fometimes in the form of down, and fometimes 
in that of cryftals, whofe figure he could not describe. This 
fait appeared to him to be a phofphate of potafh in frugivo- 
rous quadrupeds, and a muriate of potafh in carnivorous rep- 
tiles. It is probable, as Mr. De Fourcroy obferves, that 
this fait is a phofphate of fod a or of ammoniac, mixed with 
the phofphate of lime. Thefe falts are indicated, and even 
with excefs of acid, like thofe of urine, by lime-water and 
ammoniac, which form white precipitates in the decoction of 
flefh. 

The mod abundant part of mufcles, and that which con- 
flitutes their predominating character, is the fibrous matter. 
The characters which diftinguifh this fubftance are — 

i. It is not foluble in water. 2. It affords more nitro- 
gene gas by the nitric acid than other fubftances do. 3. It 
afterwards affords the oxalic acid, and the malic acid. 4. It 
putrefies eafily when moiftened, and affords much concrete 
ammoniac by diftillation. 

The other three fubftances contained in flefh, namely the 
lymph, the jelly, and the fat part, are the fame fubftances 
concerning which we have already treated, under the fame 
denominations. 
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From thefe principles we may give the ethiology of the 
formation of foup, and follow the fucceffive difengagement 
of all the principles we have fpoken o^. 

The fir ft impreffion of the fire, when a foup is made, is the 
difengagement of a confiderable fciim, which is taken off 
until it no longer appears. This fciim arifes merely from the 
dilen Jagement of the lymph, which coagulates by the heat. 
It affumes, by the impreiiion of the fire, a red colour, which 
it does not naturally poffcfs. 

At the fame time the gelatinous part is difengaged, which 
remains diffolved in the foup, and congeals only by cooling- 
It forms on the furface of cold foup a body more or lefs thLk, 
according to the nature of the flibftances, and the age o£ 
the animals; for young animals afford a larger quantity than 
fuch as are old. 

As foon as the flefh is penetrated by heat, flat round drops 
arife, and float at the furface of the fluid, in which they are 
hot afterwards diffolved, but congeal by cooling, and exhibit 
all the characters of fat, , 

In proportion as the digefticn proceeds, the mucous ex- 
tractive part feparates; the foup becomes coloured, affumes 
its peculiar odour and tafte; and it is more particularly to 
this principle that its properties are owing. 

The fait which is at the fame time diffolved takes off the 
infipidity of all the before-mentioned principles: and at this 
period the foup is completely made. 

According to the nature of the feveral principles which 
are difengaged, and the order in which they appear, it is evi- 
dent that the management of the fire is" not a matter of in- 
difference. If the ebullition be haitened, and a proper time 
be not allowed for the difengagement of the mucous extrac- 
tive matter, the three inodorous and infipid principles are ob- 
tained ; and this is obferved in foups made by cooks who 
are haftened, or have not time allowed to pay a due atten- 
tion to their work. "When, on the contrary, the digeftion is 
made over a flow fire, the principles feparate one after the 
other, in order; the ikimming is more accurately performed ; 
the aromatic flavour which is difengaged combines more in- 
timately, and the foup is of an excellent flavour. Thefe are 
the fouos of the eood women who perform better with ?. 

4? 
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fmall quantity of meat, then profefTed cooks with their ufual 
prodigality, and in this cafe we may fay that the form is of 
more value than the fubftance. 

The heat muff, not be applied too long ; for the great eva- 
poration, by concentrating the principle of fmell and tafte, 
at the fame time with the fait, renders them acrid and bitter. 



CHAPTER VIII. 

Concerning Urine. 

U RINE is an excrementiticus humour of the body : 
and it is one of the fluids of which it is of the greateft im- 
portance to pofTefs an accurate knowledge; becaufe the 
practical phyfician may derive the greateft advantage from 
information of this nature. It is known to what a degree of 
extravagance the marvellous pretentions of this kind have 
been carried. The delirium has proceeded to fuch a height, 
as even to pretend to afcertain from the urine, not only the 
nature of the diforder, and the character of the patient, but 
likewife the fex and condition. 

The true phyfician has never given into this excefs: but 
he has always derived affiilance, in his practice, from the 
characters exhibited by the urine; and this is the humour 
from which he may draw the moft fatisfactory indications. 
It carries out, as we may fay, the internal character; and a 
phyfician who knows how to form a judgement upon its pro- 
perties, may deduce the moft inftructive confequences from 
it. Monro, in his Treatife of Comparative Anatomy, has 
defcribed the organs which, in birds, fupply the place of the 
kidneys: they are placed near the vertebral column; and 
communicate, by two ducts, to the vicinity of the anus. 
He affirms that the urine of birds is that whitifla fubftance 
which almoft always accompanies the excrements. 

Chemical analyfis ought to enlighten the phyfician in his 
refearches concerning the Urine. The nature of the princi- 
ples it carries off in certain circumflances, affords vaft infor- 
mation refpecting the predominant principle in the fluids of 
the human body. Its various ftates fhew the difpofition of 
the conftitution. Peribns of a very irritable habit have the 
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urine of a lighter colour than others; gouty perfons evacu- 
ate turbid urine; and it has been obferved that, when the 
bones become foft, the urine carries off the phofphate of 
lime, which conftitutes their bafis; inftances of which were 
obferved in the perfons of Mrs. Supiot, the widow Melin, 
&c. The various ftatesof any difo;der are always pointed 
out by theltate of the urine; and the truly practical phyfi- 
cian will there obferve figns of crudity and concoction which 
will direft his proceedings. 

Urine is likewife an humour interelting to be known on 
account of the various ufes to which it is applied in the arts. 
It was from this fubftance alone that phofphorus was, for a 
long time, extracted; it is to this fluid that we owe the de- 
velopement of the blue colour of turnfole, and the violet of 
archil; it maybe fuccefsfully employed in forming artificial 
nitre-beds; it powerfully contributes to the formation of fal 
ammoniac ; it may be ufed to prepare the alkali in the ma- 
nufacture of PruiTian blue; and, in a word, it may be ap- 
plied in all the operations wherein the concurrence of an 
animal humour is required. 

Urine, in its natural (fate, is tranfparent, of a citron yel- 
low colour, a peculiar fmell, and a faline tafte. 

It is more or lefs abundant, according to the feafons, and 
the Hate of the individual. It is fufEcient to obferve, on this 
fubjedt, that tranfpiration, and more efpecially perforation 
-or fvveat, fupply the place of the fecretion of urine; and that 
confequently, when the tranfpiration is great, the urine is 
not abundant. 

Phyficians diitinguiili two kinds of urine. The one is 
emitted one or two hours after drinking; this is aqueous, con- 
tains fcarcely any falts, and has neither colour nor fmell : it 
is this which is evacuated fo plentifully during a courfe of 
mineral waters. The other is not evacuated until after the 
functions of fanguification are finiflied; and may be called 
Freccs Sanguinis. This has all the characters we have enu- 
merated and afSgned to urine. It is carried by the arteries 
into the kidneys, where it is feparated, and poured into the 
receptacles of thefe organs, whence it paries, by the ureters, 
into the bladder; where it remains a longer or (hotter time 
according to the habitude of the perfon, the nature of the 
.urine, the irritability or magnitude of the bladder itfelf. 
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The urine has been long confidercd as an alkaline fluid ; 
but in our time it has been proved to contain an excefs of 
acid. It appears from the experiments of M. Berthollett — 
i. That this acid is of the nature of the phofphoric acid. 
2. That the urine of gouty perfons contains lefs of this acid ; 
whence he conjectures, with reafon, that this acid retained 
in the blood, and conveyed into the articulations, produces 
an irritation, and confequently a flux of humours, which 
caufe pain and fweiiiug. 

The analyfis of urine by diftillation has been accurately 
made by various chemids, but more efpecially by Rouclle 
the younger. Much phlegm is obtained, which putrefies 
W r ith the greateft facility, and affords ammoniac by its putre- 
faction, though it docs not itfelf cdntain that fubdance. At 
the fame time a fubflance is precipitated of an earthy ap- 
pearance, but which in reality is a true phofphate of urine. 
It is this fame fait which forms the fediment of urine, which 
is obferved by expofi ng it to cold during the winter, even 
though the urine be of a perfon in perfect health. When 
urine has, by a full: ient evaporation, acquired the confid- 
ence of fyrup, it need only be expofed, in a cool place, to 
obtain crydais, in which analyfis has proved the exigence of 
the phofphates of foda and of ammoniac. This precipitate 
of cryllals has been didinguidied by the name of fufible fait, 
native fait, microcofmic fait. Urine may be deprived of all 
faline matter by repeated foluticns, titrations, and evapora- 
tions; the matter which adheres to thefe crydais, and of which 
thev may be cleared by thefe operations, is foluble, partly in 
alcohol and partly in water. The Saponaceous fubflance, or 
that which is foluble in alcohol, is capable of crydallization, 
dries difficultly, and affords by diftillation a fmall quantity 
o ; il, of carbonate of ammoniac, of muriate of ammoniac, 
and the refidue converts fyrup of violets to a green. The 
extractive principle is eafily dried, and exhibits the fame 
phenomena in diftillation as animal fubdances. See Roueile. 

The phenomena exhibited by the fpontaneous decompo- 
fition of urine, are very intereding to be known; on which 
fubject an excellent memoir of Mr. Halie in the volume of 
the Society of Medicine for 1 779, may be confulted. Urine 
left to itfelf foon lofes its fmcll, which is fucceeded by a 
imell of ammoniac, which is likewife diffipated in its turn. 
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The colour becomes brownifh, and the fmell Fetid and nau- 
feous. We are indebted to Mr. Rouelle for a valuable ob- 
servation— that crude urine, urina potus, prefents very dif- 
ferent phenomena; and that it becomes covered with moul- 
dinefs, li3<;e the exprefTed juices of vegetables. Putrefied 
mine has much lefs acid in the difengaged ftatc than when it 
is frefli. 

The fixed alkalis and lime difengage much ammoniac from 
urine by decompofing the phofphate of ammoniac. 

The acids deftroy the fmell of urine by combining with 
the ammoniac, which is the principal vehicle of that fmell. 

We may therefore confider urine, in its natural (late, as 
water holding in folution matters purely extractive, and 
phofphcric or muriatic falls. Thefe phofphoric falts have 
lime, ammoniac, or foda, for their bafis: we mall take a 
flight view of each in prrtioular. 

That which is called fufible fait, is nothing but a mixture 
of all the falts contained in urine, clogged with the extrac- 
tive principle. All the ancient chemifts advifed evaporation 
and repeated filtration, to clear them from this animal ex- 
tract:; but MeiTrs. Rouelle and the Duke de Chaulneshave 
obferved, that great part of the fait is difengaged and dif- 
fipated by thefe operations to fuch a degree, that three- 
fourths are loll. To avoid mod of this lofs, the Duke de 
Chaulnes advifes folution, filtration, and cooling in well- 
clofed veffels. Two ftrata of fait are then obtained; the 
upper of which appears to have the form of fquare tables, 
wherein Rouelle obferved tetrahedral prifms flattened with 
dihedral fummits. This is the phofphate of foda: and be- 
neath this lies another fait cryftailized in regular tetvahedal 
prifms, and is the phofphate of ammoniac 

1. The phofphate of ammoniac ufually exhibits the form 
of a very compreffed tetrahedral rhomboidal prifm: but 
this form varies much; and the mixtures of the phofphate 
or muriate of fodacaufe an infinity of modifications in it. 

The tafte of this fait is cool, afterwards urinous, bitter 
and pungent. 

This faltfwells up upon the coals, emits a ftrong fmell of 
ammoniac, and melts by the blow-pipe into a very fixed and 
very fufible giafs. 
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It is foliible ia water. Five parts of cold water, at ten 
degrees of Reaumur, diflbived only one of this fait; but at 
the temperature of fix ty degrees this fait is decompofed, and 
a portion of its acid is volatilized. 

It ferves as a flux to all the earths; but in this cafe its 
alkali is >•'■. ed, and the phofphoric acid unites with the 

earth, as I find by experiment. Bergman propofed it as a 
flux. The fixed alkalis and lime-water difengage the am- 
moniac. 

-n this h\i is heated with charcoal, it affords phof. 
phonic 

The phc r phate of foda was made known in 174.0 by 
Haupt, under the name of fal admirabile perlatum. Hellot 
before him, and Pott feventeen years after him, took it for 
feknite!, Tlargraftgave an accurate defcription of it in his 
Memoirs, in 1745; and Rouelle the younger defcribed it 
at full length in 1776, under the name of fufible fait with 
bafe of natrum. All agree that it differs from the preceding 
in not affording phofphorus with charcoal. 

According to Rouelle, its cryftals are flattened irregular 
tetrahedral prifms, with dihedral fummits. The four fides of 
the prifm are two irregular alternate pentagons, and two 
long rhombi truncated flopewife. 

When expofed to heat it fufes, and affords a glafs which 
becomes opake by cooling. 

It is foluble in diflilled water, and the folution turns fy- 
rup of violets green. 

It does not afford phofphorus with charcoal. 

Time difengages the foda. It may even be obtained in a 
cauftic ilatc, if the precipitation be effected by lime-water. 

The mineral acids, or even diflilled vinegar, decompofe 
it by feizing its alkali. Mr. Prouft, to whom we are in- 
debted for all the accurate information we poffefs concern- 
ing thefe fubflances was of opinion, that the bafe to which 
the foda adhered was not the phofphoric acid, but a very 
fingular fait, whofe properties greatly refembled tlipfe of 
icid' of borax. He found this fait in the mother wa- 
ter, after having decompofed the phofphate of foda by 
the acetous acid, and obtained the acetite of foda by crys- 
tallization. He obtained this fame fait by diflol 
and evaporating the refidue of the diflillation of phofpho- 
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rus. One ounce of phofphoric glafs contains five or fix 
drams. This fait was characterized by the following pro- 
perties : 

1. It cryftallizes in parallelograms. 

2. Its talte is alkaline, and it turns fyrup of violets green. 

3. It fwells up in the fire, Veddens, and melts. 

4. It efHorefces in the air. This may not take place when 
the phofphoric acid has not been fuffieiently decompofed by 
the diftillation to leave the alkali difengaged, as I have ob- 
ferved. 

5. Boiling water diflblves fix gros per ounce. 

6. It afiifts the vitrification of earths, and forms a perfect 
glafs with file::. 

7. It decompofes nitre and marine fait, and feparates 
their acids. 

8. It is infoluble in alcohol. 

Mr. Klaproth has publifned in Creli's Journal an analy- 
fis of the fufible fait, in which he has {hewn that the pearly 
fait, or fait of Prouit, is merely the phofphate of foda. To 
prove this, nothing more need to be done than to diifolve 
this fait in water, and to add a folution of nitrate of lime. 
The nitric acid feizes the foda, and the phofphoric acid is 
precipitated with the lime. The phofphoric acid may after- 
wards be feparated by means of the fulphuric acid. 

If the phofphoric acid obtained by the flow combuflion 
of phofphorus be faturated with foda {lightly in excefs, the 
fufible fait is formed ; if this excefs be taken up by vinegar, 
or if more phofphoric acid be added, the fubllance defcri- 
bed by Proud is formed. 

The phofphate of foda is not decompofable by charcoal; 
and it is at prefent clearly feen why the fufible fait affords 
but little phofphorus; and why Kunckel, Margraaf, and 
others recommended a mixture of the muriate of lead: for 
by this means the phofphate of lead was formed, which 
permits the decompoiition of the phofphoric acid, and af- 
fords phofphorus. 

Concerning the Calculus of the Bladder. 

Paracelfus madefome refearches concerning the calculus 
of the bladder, which he calls duelech. He confiders it as 
a fubllance intermediate between tartar and {tone, and thinks 
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that its formation is owing to the modification of an animal 
refm: he fuppofes it to be abfolutely fimilar to the matter of 
the gout. 

Vanhelmont does not admit of this analogy; and confi- 
ders the calculus as an animal coagulum produced by the 
falts of urine, and a volatile* earthy fpirit. Boyle found 
this calculus to be compofed of oil and volatile fait. Boer- 
haave fuppofed it to confifl of a fubtle earth, intimately unit- 
ed with alkaline volatile falts. Hales has obferved that a 
calculus of the weight of two hundred and thirty grains af- 
forded fix hundred and forty-five times its volume of air, and 
that there remained only a calx of the weight of forty-nine 
grains. 

Independent of this chemical information, fome phyfici- 
ans, fuch as Alfton, De Haen, Vogel, Meckel, &c. had ob- 
ferved the folvent power of foap, lime-water, and alkalis. 

But we poffefTed no accurate ideas on this fubject until it was 
ferioufly taken up by Scheele and Bergmann. The bezoar 
of the bladder is formed for the mod part of a peculiar con- 
crete acid, which M. De Morveau calls the Lithiafic Acid. 
(The Encyclopedic Methodique may be eonfuked, from 
which the prefent article is an extract.) 

The calculus is partly foluble in boiling water. The lix- 
ivium reddens the tinclure of turnfole ; and by cooling depo- 
iits mod of what it had diffolved. The cryftals thus fepa- 
rated are the concrete lithiafic acid. 

S.heele has likewiie obferved — i. That the fulphuric 
does not diffolve the caLulus unlefs aflifted by heat, and 
that it is then converted into the Hate of fulphureous acid; 
2. That the muriatic acid has no action upon it. 3. That 
the nitric acid duTolves it with effervefcence, and difengages 
nitrous gas and carbonic acid. This folution is red; it con- 
tains a difengaged acid, and tinges the ikin of a red colour. 
This folution is not precipitated by the muriate of barytesj 
nor rendered turbid by the oxalic acid. 4. That the cal- 
culus was not attacked by the carbonate of potalh; but that 
the cauftic alkali diffolved it, as well as the volatile alkali. 

5. That one thoufand grains of lime-water diffolved 5,37 by 
mere digeftion, and that it was again precipitated by acids: 

6. That all urine, even that of infants, held a final 1 quantity 
of the matter of calculus in folution; which may perhaps be 
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the caufe that, wfeea this matter finds a nucleus in the blad- 
der, it more eafiiy encnifts it. I have feea a calculus with. 
a large plum (lone in jts centre. 7. That the brick-colour- 
ed depolitioa. from the ifrine in fevers, is of the nature of 
the calculi. 

Thcfe experiments exhibit feveral important confequences 
with regard to-the compoimon of the calculus, and the pro- 
perties of the lithic acid. 

The calculus contains a fmall quantity of ammoniac. The 
coaly refidue of the combullion indicates an animal fubftance 
of the nature of jelly. The celebrated Schee'e did not find 
it to contain a particle of c:J sarth; but Bergmana 

pre ipitated a true fulphate of lime, by pouring the fuipharic 
acid into the nitrous fo'ution of the calculus. He admits 
that the lime is very final! in qaantity, as it rarely exceeds 
the two-hundredth part of the entire weight. The fame 
chemift has detected a white fpungy fubftance, not foluble 
in water, nor attacked by fpirit of wine, or acids, or alkalis ; 
which at lad affords a coal of difficult incineration, and 
which the nitric acid does not diffolve, even in the (late of 
aihes; but this matter exiils in fo fmall a quantity, that he 
could not procure enough to examine it. The calculus is 
not therefore analogous to bones in its nature; neither is it 
a phofphate of lime, as has been pretended. Thefe are the 
refults of the chemiits of the north; but I mud obferve that, 
after having decompofed many calculi by the cauilic alkali, 
I have precipitated lime, and formed phofphates of potaih. 

Some phyficians, fuch as Sydenham, Cheyne, Murray, &c. 
have thought that the arthritic concretions were of the fame 
nature as the calculus. The ufe of which Eoerhaave made 
of alkalis in the gout; the virtues admitted by Fred. Hoff- 
mann in the thermal waters of Carlfbad, which contain foda, 
with an excels of carbonic acid; the authority of Springs- 
feld, who ailerts that the calculus is very fpeedily dilTolved 
in thefe waters, even in the urine of thofe who drink them ; 
the fuccefs of lime-water, ufed by Altton in the gout — all 
confpire to give fome credit to the opinion of thefe early 
phyficians. But the following experiments do not agree 
with this notion. 

40 
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fan&t*# afSrtfis that the arthritic concretion never a* 
guilds the Ivarfnnefs of thecal Alius. Pmclh (Phriof. lranf.) 
dUtilledin a retort three ounces of the arthritic matter col- 
lected from the articulations of feverai gouty perfons ; and he 
obtained ammoniac, with fome drops of oil the refidue 
tfefctitfg two gros. This refidue, which was foluble in the 
mu^atic: fnlphuric, and acetous acids, was not attacked by 
volatile alkali. An obfervation of Mr Raring was pubhfc- 
ed In the Memoirs cf the Academy of Stockholm for 1,83, 
which afcertains that the concretions expectorated by an old 
man fubjccl to the gout, were found to dc of the nature o 
bone, or phofphate of lime. But one of thencweft and imoft 
important fafts is that of Watfon, in the Medical Comma- 
„i ations of London, vol. I i 7 °^ . He concludes from the 
examination of the arthritic concretions of a gouty body, that 
this fubftance is very different from the matter of the calcu- 
lus fince j it is foluble in the fynovia, and eafily mixes witn oil 
and water, which the calculus does not. 

It follows from our obfervations on the hthic acid that 
this acid is concrete, and iparingly foiuble in water ; that it 
s decompofed, and partly fublimed by delation. This 
acid decompofes the nitric acid, unites w.th earths, alkalis, 
and metallic oxides. It yields its bafes to the weakerl vege- 
table acids, not excepting the carbonic. 

CHAPTER IX. 
Concerning Phcfphorus. 

P H0 ^HORUS is one of the moil aftonifhing 
Produfts of chemittry. It is pretended that thtorfto 
knowledge of this fubftance ex ft in the writings of the ear- 
S chemifts: but the mod pontive information we gfcfs 
on tills fubicclis found in the hiftory given by Leibnitz, m 
tMm ^ Berlin for -,;io. He gives *££*% 
to Brandt, a chemift of Hamburg, who during ^^^ 
ncrtaenl* upon urine, with a view of extracting a fluid pro- 
ifX 2 nlver into gold, difcovered pWpVrus .in^he 

- l6 6 7 . He communicated his chfeovery oK^ 
&dft to Leibnitz; and being afterwards m England, he 
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communicated it to Boyle*. Leibnitz caufed the firjj inven- 
tor to be introduced to the Duke of Hanover, before whom 
he performed the whole operation; and a fpecimen of the 
phofphorus was fent to Huygens, who {hewed it to the Aca- 
demy of Sciences at Paris. 

It is faid that Kunckcl had affociated himfclf with Kraft 
to purchafe the procefs from Brandt. But Kunckel having 
been deceived by Kraft, who kept the fecret to himfclf, 
knowing that urine was made ufe of, fet to work, and difco- 
vered a procefs for making the fubftance; and it is this 
which led chemifts to call it by the name of Ivun.kel's Phof- 
phorus. 

Though the procefs was rendered public, Kunckel, and 
a German called Godefred liatwithf, were the only perfons 
who prepared phofphorus for a long time. It was not till 
the year 1737, that it was made in the laboratory or the 
Royal Garden at Paris. A foreigner executed this opera- 
tion in the prefence of Meffrs. Hellot, Du Fay, Geqffroi, 
and Du Hamel. An account of the operation may be ieen, 
in the volume of the Academy for 1737. Hellot has col- 
lected all the efTential circumftances. Margraaf, in the year 
1743, published a new and more eafy method, which has 
been followed until Scheele and Gahn taught us to obtain 
it from bones. 

* As Boyle communicated the procefs for making phofphorus to the 
P.oyal Society as adifcovery of his own, and it is entered as fuch in the 
Philofophical Tranfaclions, I cannot avoid animadverting on this impeach- 
ment of his integrity, which is copied from one chemical book into another. 
It is grounded on no better foundation than the affertion of Kraft, a 
dealer in fecrets, who, after having deceived his friend Kunckel, aifociat- 
ed with him for the purchafe of this fecret. I might infifl^ in defence of 
the candour and otherwife unimpeached integrity o at his afler- 

tion ought infinitely to outweigh that of the oilier. Not to iri&t, ho 
upon this, it may be noticed that this new and famous product was knbwri 
to have been extracted from urine; that Kunckel is univerfaily admitted as 
tile dffcoverer, from his having formed it upon no fuller information than 
this; that Boyle might with equal probability be admitted to have difco- 
fferi d it in the fame manner, and upon information equally flight; and that 
the probability of this is rendered incomparably greater, by the co.; ; 
tion that none of thefe chemifts made any complicated experiments., but 
merely applied the force of lire to urine until this produdl at laft came 
over. T. 

f Spelled Hanckwii z by mod authors. He was inftructed by Boyle. T. 
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The procefs of Margraaf confiils in mixing the muriate of 
] which remains after the dmlljatiori cf four pounds of 

minium am' two of fa] ammoniac, with ten pounds of tfiei 
extract 6f iiririe of the onuY'ence of honey. Haifa pound 
cf charcoal in powder is added; the mixture is dried in an 
iron pot until it is 'educed to a black powder. This pow- 
der is to be put into a retort; and the volatile alkali, the Fetid 
oil, and the fal ammoniac, dliliiled ofr*. The refidue con- 
tains the phofpherus. It is allayed by throwing a frnall 
quantity on hot coals: if it emits a fmell of garlic, and a 
phofphoric flame, it is to be put into a good earthen retort,' 
and cliflilled. Much more phofphorus is obtained by this 
than by the old procefs; and this depends on the addition 
cfthe muriate of lead by Margraaf, which decompofes the 
phofphate of foda, forming a phofphate of lead, which affords 
phofphorus; whereas the phofphate of foda is not decompo- 
fable by charcoal. The famous chemifl of Berlin has like- 
wife proved that it was the fufible fait of urine which affords 
the phofphorus. 

Mr. Gahn publifhed, in the year 1769, that the earth of 
calcined bones confided of lime united with the acid of urine; 
but Scheele was the iirft to prove that by decompofmg this 
fait of bones by the nitric and fulphuric acids, evaporating 
the refidue in which the phofphoric acid exids in a difem ga- 
ged (late, and diddling the extract with powder of charcoal, 
phofphorus is obtained. Thefe circumilances, related by 
Bergmann himfelf in his,notes to the Chemidry of Scheffer, 
attribute to Scheele the difcovery of extracting phofphorus 
from bones. It was not until the year 1775 that the po- 
cefs was published in the Gazette Salutaire de Bouiiion. Ad- 
ditions and improvements have been fucceiiively made in this 
procefs, of which accounts may be feeri in the Dicliomiaire 
Encyclopedic 

The procefs which has mod conftantly fucceeded with me, 
is the following: 

The harden: bones are felected and burned. By this 
combudion the external part becomes white, while the in- 
ternal part is blackidi. 

Thefc burned bones mud then be pulverized^ and put into 
a turine, or in a round hooped wooden vefleJ- Kali thei-r 
weight of oil cf vitriol is then to be poured en, 1 
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ly ftirred. During the agitation a confiderable heat is ex- 
cited. The mixture mud be left in digedion for two or 
three days; after which, water mud be gradually added, 
and ftirred. I diged this laft mixture upon the fire, in or- 
der to encreafe the folvent power of the water. 

The water of the lixivium is then to be evaporated in vef- 
fels of {tone ware, lilver, or copper. Mr. Pelletier recom- 
mends this lad metal; becaufe, according to him, the phof- 
phoric acid does not attack copper. The evaporation mud 
be carried to drynefs; more boiling water mud be poured 
on the refidue; and this warning mud be continued until the 
matter be exhauded, which may be known by the water be- 
ing no longer tinged yellow. All thefe waters are to be 
evaporated, and afford an extract. 

To feparate the fulphate of lime, the extract mud be dif- 
folved in the lead poffible quantity of water, then filtered, 
and the fait remains on the nitre. This extract may be mix- 
ed with powder of charcoal, and didilled: but I prefer con- 
verting it into animal glafs; for which purpofe I put the ex- 
tract into a large crucible, and urge the fire. It fwells up at 
fird, but at lad fettles; and at that indant the glafs is made. 
This glafs is white, of a milky colour. Becher was perfectly 
acquainted with it; but concealed his procefs, on account of 
the abufes which, according to him, might be made of it— 
propter marks abufus. He tells us, in proper terms, hcv.io 
intrum eji, et in I'itrum redlgipoiejl^ficut et omnia animalia. 
He regrets that the Scythians, who drank out of difguding 
fculls, were not acquainted with the art of converting them 
into glafs. He (hews that it would be polfible to form a 
feries of one's ancedors in glafs, in the fame manner as we 
poifefs them in painting, &c. 

I obferved once, to my great adoniihment, that the phof- 
phoric glafs I had jud made, emitted very drong electric 
{park§: thefe flew to the hand at the didance of two inches. 
I exhibited this phenomenon to my audience of pupils. This 
glafs lod the property in two or three days, though preser- 
ved in a capfule of common glafs. 

It fometimes happens that this glafs is deliqucfccnt, bur it 
is then acid; and this circtirriftance arifes from too large a 
quantity of fulphuric acid, or fj am this acid not hftviag been 
Saturated by a digedion of diffident continuance. 
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I have likewife obtained glafs of the colour of turquoife, 
when I performed the evaporation in copper yeflels. 

This glafs may be deprived of the bubbles it ufually con- 
tains, by keeping it for a time in a violent heat; it is then 
tranfparent, and may be cut like a diamond. According to 
Crell, its fpecific gravity is to that of water as three to one, 
while that of diamond is as three and a half to one. This 
glafs is infoluble in water, &c. A fkeleton of nineteen 
pounds, burned, affords five pounds of phofphoric gl'afsi 

I pulverize this glafs, mix it with equal parts of powder of 
charcoal, put it into a porcelain retort well coated, the beak 
of which I partly plunge into the water of the receiver, fo 
that nothing can efcape but air or phofphoric gas. 1 adapt 
a large tube to the tubulure of the receiver, and plunge it 
into a vefTel filled with water. The fire being raifed by de- 
grees, the phofphorus comes over the moment the mixture 
is ignited. The phofphorus fublimes, partly in the form of 
a fume which congeals; and is precipitated upon the furface 
of the water, partly in the form of inflammable gas, and 
partly reitnbling melted wax, which drops in beautiful 
tranfparent tears from the neck of the retort. The theory 
of this operation is eafily explained. The phofphoric acid 
is difplaccd by the fulphuric acid, as is (hewn by the large 
quantity of fulphate of lime which is obtained. All the 
other operations tend only to concentrate this phofphoric 
acid, which is dill combined with other animal fubOances, 
and the diftillation with charcoal decompofes the phofphoric 
acid ; its oxigene unites with the coal, and affords a carbonic 
acid, while the phofphorus itfelf becomes difengaged. 

To purify the phofphorus, a piece of chamois leather is 
moilkiied, and the mafs of phofphorus is put into it. This 
being immerfed in a vefTel of boiling water, the phofphorus 
melts, and is pafTed through thefkin like mercury. The flan 
cannot be ufed more than once; the phofphorus, which 
might be paffed a fecond time, would become coloured. 
This procefs was contrived by Mr. Pelletier. 

In order to form phofphorus into flicks, a funnel with a 
long neck may be ufed, the lower orifice being clofed with a 
fmall cork, or piece of foft wood. The funnel is then to be 
filled with water, and phofphorus put in it; and this being 
plunged in boiling water, the heat is communicated to that 
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of the funnel ; and melts the phofphorus, which runs into 
the neck, and takes that form. The funnel is then removed 
into a veifel of cold water; and when the phofphorus is per- 
fectly cooled, the cork is taken out, and the phofphorus 
thruftout of its mould with a fmall piece of wood. 

Phofphorus is kept under water. After a certain time it 
lofes its tranfparency, becomes covered with a white pow- 
der, and the water is acidulated*. 

In whatever manner phofphorus may be made, it is al- 
ways one and the fame fubftance, characterized by the fol- 
lowing properties: — It is of a flefh colour, and evidently 
tranfparent. It has the confidence of wax; and may be 
cut in pieces with a knife, or twilled afunder with the fin- 
gers; in which lad cafe the precaution mud be taken of 
frequently plunging it into water, to prevent its taking fire. 

When phofphorus is placed in contact with the air, it 
emits a white fume. It is luminous in the dark; and a folid 
flick of phofphorus may be ufed to write with, like a crayon. 
The marks are vifible in the dark; and this means has often 
been ufed to create fear and aftonifhment in the minds of 
the ignorant. 

When phofphorus is expofed to twenty-fourf degrees of 
heat, it takes fire with decrepitation, burns with a very 
bright flame, and emits a very abundant white fume which 
is luminous in the dark. The refidue of the combuftion is 
a red cauftic fubftance, which attracts the humidity of the 
air, and becomes refolved into a liquor. This is the phof- 
phoric acid, which we (hall proceed to treat of. 

Mr. Wilfon affirms that the folar rays fet fire to phofpho- 
rus; and proves that this flame has the colour proper to the 

* This flow acidification of the phofphorus fcems to be reverfed by the 
fun's light. Sticks of phofphorus, which had become covered with a 
white powder, were expofed under water to the fun's light, which convert- 
ed them to an orange yellow colour in fuch parts as were acted upon by 
the dirca light. This fact appears to be of the fame nature as the colour- 
ing of the nitrous acid, and other fimilar phenomena. T. 

f Twenty-four degrees of Reaumur anfwerto eighty-fix of Fahrenheit. 
The vivid combuftion of phbfphofus takes place at different temperatures, 
according to its purity; bit the pfefe it is very low. By '^ofpho- 

r is into a freezing atmoOherc, its flint flame (Jifappears, and it feems to re- 
a temperature of fixty degrees to revive \\. I found the vivid corn- 
bullion to e at one hundred and fixty degrees. T. 
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phofphorus, and not that of the ray itfelf-j — Letter of Mr. 
Wilfon to Mr. Euler, read at the Royal Society of London 
in June 1779. 

An advantageous ufehas lately been made of the combuf- 
tible property of phofphorus, to procure fire conveniently, 
and in all fituations, by means of phofphoric tapers or match- 
es, and the philofophical bottles, the method of making 
which we {hall point out. 

1. The mod fimple procefs for making the phofphoric 
matches, confifis in taking a glafs tube, four inches long 
and one line in diameter, clofed at one end. A fmall quan- 
tity of phofphorus is introduced into the tube, and pufhed to 
its further end; after which a taper covered with a fmall 
quantity of wax is introduced into the fame tube. The open 
end is then hermetically fealed, and the other end is plunged 
into boiling water. The phofphorus melts, and fixes iticJT 
upon the match. 

A line is drawn at one third of the length of the tube, 
with a flint, that it may be broken as occafion may require. 

The match is to be drawn out quickly, to inflame the phof- 
phorus. 

The procefs of Mr. Lewis Peyla, to make the inflamma- 
ble bougies, confifts in taking a glafs tube, five inches long 
and two lines wide, one end of which is fealed with the blow- 
pipe. Small tapers of wax are prepared with three double 
threads of cotton twilled together. The extremity of the 
match or taper is half an inch long, and mud not be covered 
with wax. 

A piece of lead is laid in a faucer filled with water; and 
upon this the phofphorus is cut, beneath the water, into 
fragments of the fize of a prain of millet. One of thefe 
grains is to be dried, and introduced into the tube of glafs ; 
after which the fortieth part of a grain of very dry fulphur 
is robe added, that is to fay, half the weight of the phof- 
phorus. One of the bougies is then taken, and its extremity 
dipped in very clear oil of wax. If too large a quantity 
rifes, it mua be dried with a cloth. 

The match is introduced into the tube with a turning or 
twilling motion betweeen the fingers. 

The bottom of the tube muff, then be plunged in boiling 
water, to ioften the phofphorus; obferving to keep it no 
longer than three or four feconds in the water. 
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The other extremity of the tube is afterwards fcaled. 

Thefe bougies mufl be kept in a tin tube, to avoid the 
danger of inflammation. 

2. To form the phofphoric bottles, a glafs bottle is heated 
by fixing it in a ladie full of fand, and two or three fmall pie- 
ces of phofphorus are then introduced into it. A fmall red- 
hot iron wire is ufed to ftir the phofphorus about, and caufe 
it to adhere to the internal furface of the bottle, where it 
forms a reddifh coating. The heated wire is introduced re- 
peatedly; and when all the phofphorus is thus dh'tributed 
within the bottle, it is left open for a quarter of an hour, 
and afterwards corked. When this is ufed, a common match 
tipped with fulphur is introduced into the bottle, turned 
round, and quickly drawn out. The phofphorus which 
fticks to the fulphur takes fire, and lights the match. 

The theory of this phenomenon depends on the circumr 
flan :e that the phofphorus isftrongjy dried, or half calcined, 
and needs only the contact of air to fet it on fire. 

Phofphorus is foluble in oils, more efpecially the volatile 
oils, which then become luminous. If this folution be kept 
in a bottle, a phofphoric flafh, which emits a fmall quantity 
of light, will be feen every time the bottle is opened. The 
oil of cloves is ufed in this operation. The combination of 
phofphorus and oil appears to exift naturally in the glow- 
worm, lampyris fpleniidula Linncei. Foriter of Gottingen 
obferves, that the fhining matter of the glow-worm is liquid. 
If the glow-worm be crufhed between the fingers, the phof- 
phorefcence remains on the finger. Henckel reports, in the 
eighth diflertation of his Pyritologia, that one of his friends, 
of a fanguine temperament, after having d-anced much, per- 
fplred to fuch a degree that he thought his life in danger. 
While he undrefTed, traces of phofphoric flame were feen on 
his fhirt, which left yellow red fpots behind them, refembling 
the refidue of burned phofphorus: this light was long via- 
ble. 

A phofphoric gas may be extracted from phofphorus, 
which takes fire by the mere contact of the air. Mr. Gen- 
gembre has fhewn the method of extracting it, by di T efting 
alkalis upon it (Memoir read to the Academy at Paris the 
3d of May 1783)5 and at the fame time I mewed that it 
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might be extra&ed by means of acids, which are decompofed 
upon phofphorus. I have likewife taken notice, in my Me- 
moir upon the decompaction of the nitric acid by phofpho- 
rus, that when the acid is digefted upon it, a gas efcapcs, 
which takes fire in the receiver, and has feveral times afford- 
ed me the appearance of flames of lightning ftriking through 
the cavity of the vefTels. But this phenomenon difappeared 
as foon as the vital air was abforbed. 

It is to the difengagement of a gas of this nature that we 
may attribute the ignes fatui which play about burying 
grounds, and generally in all places where animals are bu- 
ried and putrefy. " It is to a fimilar gas that we may refer 
the inflammable air which conftantly burns in certain places, 
and upon the furface of certain cold fprings. 

Phofphorus is found in the three kingdoms. Mr. Gahn 
found the phofphoric acid in lead. Siderite is a phofphorus 
of iron. The feeds of rocket, of muftard, ofgarden creiTes, 
and of wheat, treated by Margraaf, afforded him a 
phofphorus. Mr. Meyer of Stetin has announced, in the 
Chemical Annals of Crell for the year 1784, that the green 
refinous part of the leaves of plants contains the phofphoric 
acid. Mr. Pilatre du Rozier renewed the opinion of Rouelle 
5n 1780 (Journal de Phy r, que for November), who confi- 
dered the phofphoric acid as analogous to that of mucilagi- 
nous bodies; and he affirms that the diflillalion ofpyropho- 
rus affords five or fix grains of phofphorus in the ounce. 
The phofphoric acid exifts in urine, bones, horns, &x. M. 
Maret, by treating twelve ounces of beef by combuftion, ob- 
tained three gros of tranfparent phofphoric glafs. M. Crell 
obtained it from beef fuet and human fat; M. Kankwitz 
from excrements; Leidenfroft from old cheefe; Fontana 
from fifties bones; Berniard from egg fhells, &c. Meffrs. 
Macquer and M. Struve found the phofphoric acid in the 
gaftric juice. 

The moll interefting combination of phofphorus is that 
which it forms with vital air. This is always the phofphoric 
acid; but the acid appears to be modified by the manner in 
which it is made. 

Phofphorus unites with oxigene — 1. By deflagration, or 
the rapid combuftion. 2. By the flow combuftion. 3. In 
the humid way, more efpecially by the decompofition of the 
nitric acid. 
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i. If phofphorus be expofed to a dry beat of twenty-four 

degrees, it takes fire, emits a white denle fume, and leaves 

a reddifh rcfidue, which powerfully attra&s the humidity of 

1 Vccomes refolved into a liquor. Thiscombuftion 

y be performed under glafs velTels; in which cafe white 
ks are deposed on the fides of the glafs, which refolve 
into a liquor by the contact of moift. air, and form the phof- 
phoric acid. Care is taken, to introduce an additional quan- 
tity of vital air when the combuflion of the phofphorus has 
not b j en < orapleted. 

M. Lavoilier ha^ burned phofphorus, by the aiTiflance of 
a burning glafs, under a glafs velTel plunged in mercury 
(Memoirs of the Royal Academy of Sciences, 1777.) 

M?.r^raaf had obferved that air is abforbed in this opera- 
tion. M. Morveau, in the year 1772, had declared the 
fame from his own experiments; and Fontana proved that 
phofphorus abforbs and vitiates air, like every other combuf- 
tible fubilance. Meff. Lavoifier and De la Place found that 
forty-five grains of phofphorus abforbed 65,62 of vital air. 

The acid obtained by this means is impure. It always 
contains phofphorus in folution, not faturated with oxigene. 

2. Phofphorus is mod completely decompofed by the flow 
combuflion. For this purpoie the neck of a glafs funnel is 
inferted into a bottle, and flicks of phofphorus are difp.ofed 
round in the funnel, fo as not to touch each other \ afmall 
piece of glafs tube being put into the neck, to prevent their 
falling through. A paper is tied over the funnel. The 
phofphorus is llowly decompofed; and, as it becomes con- 
verted into a fluid, it flows into the bottle, where it forms a 
liquid without fmell or colour. This acid almoil always re- 
tains a fmall quantity of undecompofed phofphorus, from 
which it may be cleared by digefting alcohol upon it, which 
difTolves the phofphorus without volatilizing the acid. 

One ounce of phofphorus produces in this manner three 
ounces of phofphoric acid. 

3. The nitric acid may be decompofed by digetlion upon 
phofphorus. The nitrous gas is diiTipated ; and the oxigene 
remains united to the phofphorus, with which it forms phof- 
phoric acid. When the nitric acid is very concentrated, 
the phofphorus takes fire, and burns at its furface. I pub- 
lished this procefs, with all the circumftances of the opera- 
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tion, in 1780, the fame year in which the excellent Memoir 
of M. Lavoifier on the fame queilion was printed, and of 
which I had then no knowledge. 

The water in which phofphorus is kept, contracts acidity 
in the courfe of time; which fhews that the water itfelf is 
decompofed, and yields its oxigene to the phofphorus. 

Phofphorus precipitates fome metallic oxides from their 
fol lit ions in the metallic (late. It is obferved that acid is 
formed in this operation; which proves that the oxigene 
quits the metal to unite with the phofphorus. 

The phofphoric acid is clear, inodorous, without being 
corrofive. It may be concentrated to drynefs. Crell hav- 
ing concentrated it to drynefs, found its fpecific gravity, com- 
pared with water, to be as 3. 1. 

This acid is very fixed. If it be concentrated in a mat- 
trafs, the water is firit dlilipated, a fmell of garlic is foon 
perceived, which arifes from a portion of phofphorus, from 
which this acid is difficulty cleared: and vapours likewife 
rife. The liquor becomes turbid, affumes a milky appear- 
ance, and a pafly confidence; and if the matter be put into 
a crucible, on hot coals, it boils confiderably. The vapour 
which ifTues renders the flame green; and the mafs at lafl 
becomes converted into a white tranfparent glafs, infoluble 
in water. 

The phofphoric acid has no action on quartz. 

It diffolves clay with ebullition. 

It diffolves barytes; and unites to clay with fingular faci- 
lity, with which it forms a fait of fparing folubility. The 
iohnion, when well charged, lets fall, at the end of four- 
and-twenty hours, cryftals in finail thin flattened needles, fe- 
veral lines long, and obliquely truncated at each end. The 
phofphoric acid precipitates lime from lime-water, and forms 
a true piip/ph ite of lime, very limilar to the bafis of bones, 
and decompof.tble by the mineral acids like that fubftance. 

The phofphoric acid, faturated with polafh, forms a very 
folubiefalt, which affords tetrahedral cry dais terminating in 
teirahedral pyramids. This phofphate is acid, fwells up on 
hot co .is, and is difficult of fulion. Lime-water decompofes it. 

Soda, combined with tht phoiphoric acid, a-ffords a fait. of 
a tatle refembling that of the muriate of foda. This phof- 
phate not cryltiuiize, buc becomes converted, into a 
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gummy and deiiquefcent mafs by evaporation. M. Sage af- 
firms that phofphate of foda prepared with the acid of the 
flow combuftion, forms a fait fufceptible of cryflallization. 

Dr. George Pearfon has combined the phofphoric acid 
obtained by nitric acid with foda, and obtained a neutral 
fait in rhomboids. 

This fait, though faturated, turns fyrup of violets green, 
efnorefces in the air, and has a faline tafte refembling that of 
common fait. It purges in the dofe from fix to eight drams, 
without producing either naufea or griping, and has not a 
difagreeable tafle. 

The phofphoric acid acts only on a fmall number of me- 
tallic fubftances. On this fubjecl: the works of Meif. Mar- 
graaf and De Morveau may be confulted. 

The phofphoric acid has a very evident action on oils. 
Mixed with an equal portion of olive oil, it acquires a fawn 
colour by mere agitation, which fubfzfts even after the fepa- 
ration. This (hade increafes if the two fluids be digefted to- 
gether; the acid becomes thick; and the oil which floats 
above becomes black and coaly, and emits a firong mieli. 



CHAPTER X. 

Concerning certain Subftances obtained from Animals for the Ufe of Me. 
dicine and the Arts. 

1 HERE is not perhaps any animal product, whofe 
virtues have not been celebrated by fome of the phyfi- 
cians; and there are few animals which have not at fome time 
or other been mentioned as contributing to the advantage of 
medicine. Time however has happily condemned to obli- 
vion thofe productions which ought never to have polTeffed 
celebrity: and we mall accordingly, on theprefent occafion, 
attend only to fuch as experience has fhewn to pofTefs the 
virtues and powers attributed to them. 

We (hall not therefore treat of the lungs of the fox, the 
liver of the wolf, the feet of the elk, the jaws of the carp, 
the nelts of the fwailow, the powder of the toad, the dung 
of the peacock, the heart of the viper, the fat of the badger, 
nor even that of the hanged malefactor. 
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Various quadrupeds, cetaceous animals, birds, and fifties,, 
afford products in which chemical and medical experience 
has afcertaiued very evident virtues. 

ARTICLE I. 

Concerning the Produces afforded by Quadrupeds. 

. Under this article we fhall treat of the products mod in 
ufe which are extracted from quadrupeds. Thefe are cafto- 
reum, muik, and hartfhorn. 

1. The name of .Caftoreurrt is given to an unctuous fluid 
contained in two pouches fituated in the inguinal region of 
the male or female caftor. An accurate defcription of it 
may be feen in the Encyclopedic. This very odorant fub- 
ftance is foft, and nearly fluid when recently extracted from 
the animal; but it dries in the courfe of time. It has an 
acrid, bitter, and naufeous taftej and its fmell is ftrong, aro- 
matic, and even {linking. 

Alcohol diflolves a refin which colours it; Water extracts 
an abundant principle. By evaporation of the water a fait 
is obtained, the nature of which is 1 ittle known. Caftoreum 
affords by difhillation a fmall quantity of volatile oil, ammo- 
niac, &c. 

The ufes of caflor in the ceconomy of the animal are un- 
known. The ancients had the credulity to believe that the 
creature itfelf took it when its ftomach was weak. 

It is ufed in medicine as a powerful antifpafmodic, in the 
dofe of a few grains in fubitance; and it enters as a compo- 
nent part into bolufes, extracts, &c. It is advantageomly 
joined with opium; and its ipirituous tincture is alfo pre- 
ferred in fuitable liquids, in a dofe from twenty-four to 
thirty-fix drops. 

We fee clearly, from the little chemical information we 
poffefs reflecting this fubftance, that it is a refin joined with 
a mucilage, and a fait which facilitates the union of its prin- 
ciples. 

2. The name of M-ufk is given to a perfume obtained 
from various animals. In 1726 an animal was received, un- 
der the name of the Mufk Animal, in the Royal Menagerie, 
which came from Africa, and refembled the civet. Mr. Per- 
rault has left a defcription of it. It was fupported fix years 
upon raw netn. M. De la Peyronnie gave a very good de- 
fcription of it to the Academy of Sciences for the year 1731. 
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The organ which contained the mulk was Situated near 
the genital parts (it was a female). At the aperture of the 
bag which contained the mulk the fmell was fo llrong, that 
M. De la Peyronnie could not inSpect it without inconveni- 
ence. This liquor is prepared by two glands, which trans- 
mit it into the common reServoir through a number of fmall 
perforations. 

The other animal which affords mulk in the Eaft, is of the 
clafs of Squirrels. It is very common in Chinefe Tartary. 
It carries the mulk in a bag beneath the navel. This bag, 
projecting outwards of the lize of a pullet's egg, is formed of 
a membranous and mufcular fubftanre, provided with a 
Sphincter. Many glands are obfervable within, which Sepa- 
rate the humour. As foon as the bead is killed, this blad- 
der is cut off and tied up: but its contents are adulterated 
with the tefticles, the blood, and other offals of the animal ; 
for each creature affords no more than three or four gros. 
Mulk muft be chofen foft, unctuous, and odorant ; and ought 
to be con fumed totally upon hot coals. The mulk of Ton- 
quin, which is moil efteemed., is contained in bags covered 
with brown hair; but that of Bengal is covered with white 
hair. 

Mulk contains nearly the fame principles as cafloreum. 
The fmell of pure and unmixed mulk is too llrong and op- 
preffive. It is rendered mild by mixture with other fub- 
ftances. It is little ufed in medicine; is a powerful an- 
tifpafmodic in fome cafes; but ought to be adminifiered with 
caution, becaufe it often excites nervous affections infteadof 
calming them. 

The fmell of mulk predominates in certain animals. M. 
De la Peyronnie knew a man from whofe left arm-pit there 
was emitted fo llrong a fmell of mulk during the -Summer, 
that he was obliged to weaken it to avoid inconvenience. 

3. Hartftiorn affords Several products which are much 
employed in medicine. The preference is given to this horn 
becaufe it contains lefs earthy fait than bones; but all kinds 
. of horn may be ufed indiscriminately. 

Hartlhorn was formerly calcined with the greatefl care, 
and ufed as a remedy againfl alvine fluxes. 

The products of hart'fliorn which are moflly ufed at pre- 
fent, are thofe obtained by diitiilation. An alkaline phlegm 
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is firfl obtained, which is called the Volatile Spirit of Hartf- 
horn. Next comes over a reddifh oil, more or lefs empy- 
reumatic; and a very great quantity of carbonate of ammo- 
niac, .foiled and coloured by the empyreumatic oil. The 
oil which colours the fait may be difengaged by means of 
fpirit of wine, which diffolves it. The coaly refidue con- 
tains natrum, fulphate, and phofphate of lime, from which 
phofphorus may be obtained by the proceffes already de- 
scribed. 

The fpirit and the fait obtained from harlfhorn are ufed 
in medicine as good antifpafmodics. 

The oil duly rectified forms the animal oil of Dippel. As 
the higher! virtues have been attributed to this fubftance, a 
thoufand methods have been attempted to purify it. For a 
long time it was ufual to rectify it a great number of times, 
in order to have it white and fluid. But MeiT. Model and 
Baume have advifed taking only the firft portion which 
comes over, becaufe this is the mofl: attenuated, and the 
whitefi:. Rouelle advifes diitiliation with water; and as the 
molt volatile part only rifes with the heat of boiling water, 
there is a certainty of having it very fine by this means. For 
my part, I diftil the empyreumatic oil with the earth of Mur- 
viel, which retains all the colouring part; and by this means 
I have it at once wJbitc and attenuated. 

This is odoraht, and has ail the properties of the volatile 
oils: but it turns fyrup of violets green, as Mr. Parmentier 
has eoierved; which proves that it retains a fmali quantity 
of volatile v.lkali. This oil is ufed in dofes of a few drops in 
nervous affections, epilepfy, &c. It is ufed externally, by 
rubbiijg.it on the ikin, as a fedative, and to remove obftruc- 
tictfis; but i. t virtues formerly atuibuted to it are 

iipt much credited at prefent. 

ARTICLE II. 

Concerning certain Pioducls afforded by Fiilies. 

The oil of fiib, and fpermaceti, are the molt ufed among 
the products obtained from fifties. 

Spermaceti is a concrete oil extracted from the cacholot. 
The name of Sperma-ceti is very improper. Thefe animals 
are of a prodigious fize, and afford large quantities of this 
matter. liomet relates that in 1688 aSpaniih fhip took a 
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whale V/hofe head afforded twenty- four barrels of brains, 
and the body ninety-fix barrels of fat. This fpermaceti is 
always mixed with a certain quantity of inconcrefcible oil, 
v/:i;ch is carefully removed. 

Spermaceti burns with a very white flame. It is made 
into candles at Bayonne and at St. jean ue Luz. Thefe can- 
dies are of a Aiming white colour, become yellow in procefs 
of time, but not \o foon as wax and the denfeoih. 

If it be diftilled on a naked fire, it does not afford an acid 
phlegm,. but rifes totally, at the fame time that it auumes a 
reddifh tinge. Several repeated diltillations deprive it of 
its natural confidence. 

The fulphuric acid difToI/es it; and this folution is preci- 
pitated like the oil of camphor. The nitric and muriatic 
a .ids hive no action upon it. 

Caultic alkali difio'ves fpermaceti, and forms a foap which 
gradually acquires folidity. 

Alcohol diflblves fpermaceti by the aiTi'lance of heat, but 
lets it fall as it cools. Ether like wife diilblves it. 

The fixed and volatile oils diifolve it by the aiTiftance of 
heat. 

This fubffcance was formerly much ufed. It was given as 
an emollient, and foftening remedy; but at prefentit is al- 
paoft forfaken, and not without cauie; for it is heavy, inii- 
pid, and naufeons. 

The egg, the kales, and the black fluid of the cuttle iifli 
are flill ufed in medicine. The eggs deterge the kidneys, 
and excite urine and the courfes. The fcates a;:d b mes of 
the cimle-hYii are applied to nearly the fame nfes: they are 
iikewife ufed as an aftringent; and enter into dentifiricfe 
powders, collyria, &c. The goldfmiths Iikewife ufe them 
to make their moulds for catting fpoons, forks, toys, Sec. be- 
caufe its fpongy parteafily receives the impreihon of metals. 
The black humour of the cuttle-nfli, which is found in a bag 
near the coccum, and of which Mr. Le Cat has given a de- 
fcription, may be ufed inftead of ink. We re id in the Sa- 
tires of Perfius that the Romans ufed it as an ink; and Ci- 
cero calls it Atramentum. It feems that the Chinefe ufe it 
as the bafis of their famous ink. " Sepia pffcis c'\ qui 'aabet 
fuccum nigerrinium, initar atramemi, quern Chinenfes : um 
brodio oriza?, vel alterius leguminis, impiflant et formant, ct 
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in iiniverfum orben tranfmittunt, fub nomine Atramemi 
Chinenfis" (Pauii Hermani Cynofura, t. i. p. 17, par. 2). 
Pliny was of opinion that the black humour of the cuttle- 
fiffr was its blood. Rondclet has proved that -it is the bile. 
This is the fluid the cut'icNfifn difgorges when in danger : a 
very ftrijffl quantity is fufficient to blacken a large quantity 
of water. 

Calcined oyfter (hells are likewife ufed in medicine as an 
abforbent. 

The oil extracted from fifli is of the greateft life in the 
arts* 

AP.TICLE III. 
Concerning fcerifain Products afforded by Birds. 

Moil: of the birds are ufed at our tables as a delicate food, 
but few afford any medical r'-oducts. The eagle (tones, to 
which fo much virtue had been attributed for facilitating la- 
bours, the plafttrs of (wallows nefts, and other fimilar fub- 
ftanees, have all fallen into neglect, as the natural confe- 
quence of rvation of matter of fact being fubftituted 

in tne' place of • rcdulity and fuperftition. The analyfis of 
eggs begins to be known. They confift of four parts: an 
offeous covering, called the (hell; a membrane which covers 
the conditueut parts of the egg; the white; and the yolk, 
which occupies the centre. 

ThefhH', like bones, contains a gelatinous principle, and 
the phptl • '■ - of lime. 

The white is of the fame nature as the ferum of blood. It 
renders fyrup of violets green, and contains uncombined 
chalk; heat coagulates it; by diftillation it affords a phlegm 
which eafily putrefies; it becomes dry like horn ; and carbo- 
nate of ammoniac, and empyreumatic oil, come over. A 
coal remains in the retort, winch affords foda, and phofphate 
of lime. M. Deyeux has alio obtained fulphur by fublima- 
tion. 

Acids and alcohol coagulate it. 

If it be cxpofed to the air in thin leaves, it dries, and be- 
comes con'ulent; and it is on this property that the cuftom 
is founded of palling the white of egg over the furface of 
paintings, to give them that brightnefs which is produced by 
varnilh, and alio to defend them from the air. The drying 
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fnay behadened by quick-lime; and this mixture z.ioAs a 
lute of the greated tenacity. 

j Ihe yolk of egg likewife contains a lymphatic fubdance, 
mixed with a certain quantity of mild oil, which on account 
of this mixture is foluble in water. It is this animal emul? 
fion which is known in France by the name or lait de poulle. 
Yolk of egg expofed to the fire affuaus a confidence lefs 
hard than the white. If it be bruifed, it appears to have 
fcarcely any confidence; and if it be fubjected to the prefs, it 
gives out the oil it contains. This oil is very emollient, and 
is ufed externally as a liniment. There is the greated ana- 
logy between the eggs of animals and the feeds of vegeta- 
bles; fince both contain an oil rendered folubie in water by 
the admixture of a glutinous fubdance. 

The yolk of egg renders oils and refins foluble; and this 
fubdance is accordingly much ufed for that purpofe. 

Calcined egg-diells is an abforpent* , 

White of egg is fuccefsfully ufed to clarify vegetable jui- 
ces, whey, liquors, &c. It coagulates by heat; and then 
rites to the furface of thefe fluids, carrying with it all the 
impurities they contain. 

ARTICLE IV. 

Concerning certain Produces afforded by Inle^b. 

Millepedes, cantharides, kermes, ccchenille, and lac, are 
the only fubdances we (hall here treat of, becaufe thefe are 
not only the mod ufed, but are likewife the bed known 
among the products of infects. 

i. Cantharides. — The cantharides are fmall infects with 
greeniih wings. They are very common in hot countries ; 
and are found on the leaves of the afh, the. rofe-tree, the 
poplar, the walnut-tree, the privet, &c. 

Cantharides in powder, applied to the epidermis, caufe 
bliders, excite heat in the urine, drangury, third, and fevei . 
They produce the fame effect taken internally in a fmall dofe. 
We read in Pare that a courtezan having preferred a ragout, 
powdered with cantharides to a young man who tupped 
with her, this unfortunate perfon was attacked with a pria- 
pifn, and lofs of biotjd by the anus, of which he died. 
Boyle affirms that pains at the neck of the bladder have 
been produced by the handling of cantharides. 
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We are indebted to Mr. Thonvenel for fome information 
refpecting the condiment principles of thefe infers. Water 
extracts a very abundant principle, which colours it of a 
reddilh yellow, and alfo a ydlowifh oiiy principle. Ether 
takes up a green very acrid oil, in which the virtue of the 
cantharides molt eminently refides. So that an ounce of 
cantharides affords — 



Reddifn yellow bitter extraft ■ — ■ 

Yellow oily matter — — . 

Gieen oily fubflance, analogous to wax 
Parenchyma, infolable in water and alcohol 



To form a tincture which unites all the properties of can- 
tharides, a mixture mud: be made of equal parts of water 
and of alcohol, and the infects digefted in it. If this tine- 
ture be diflilied, the fpirit which comes over retains the fmell 
of cantharides. 

If fpirit cf wine alone be ufed, it takes up merely the 
cauflicpart: hence it appears that the virtue of thefe infects 
may be mcreaied or diminifhed according to the exigence of 
the ( 

The tincture of cantharides may be ufed with fuccefs ex- 
terna^) , in the dofe of two gros, four gros, one or even two 
:s, in rheiiij, is, fciatica, wandering gout, &c. 

It l^eats the parts; accelerates the circulation; excites eva- 
cuations by pcrfpiration, urine, or (tool, according to the 
parts to which it is applied. 

: . Thouvenei t icd upon himfelf the effect of the green 
When applied on the ikin in the dofe of 
nine grains, it raifed a hlifier full of ferofity. 

2. The word-lice, millepedes, afelli, porcelli.* — This infect 
is ufually found in. moift places, under (tones, or beneath 
the bark of old trees. It avoids the light, and endeavours 
to conceal iticif wfren difcovered." When it is touched, it 
rolls up in the form of a globe. This infect is ufed in medi- 
cine as an incifive, aperitive, and alterative remedy. It is 
prefci poundCd alive, and put into a proper liquid \ 
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or dried and pulverized, in which laft form they enter info 
extracts, pills, &c. The millepedes are given in the dofeof 
fourteen, fifteen, and twenty grains, or more, ac^-eitftrrg to 
the exigency of the cafe. Mr. Thouvenel has given us fome 
information concerning the condiment principles of thefe in- 
fects. He obtained by did illation an infipid or alkaline 
phlegm ; the refidue afforded an extractive matter, an oily 
or waxy fubftance foluble in fpirit of wine only, and marine 
fak with an earthy and an alkaline bafe. 

3- Cochenille^-Cocheniile is a fubllance ufed in dying 
fcarlet and purple. It is met with in commerce \u the form 
of fmall grains of a Angular figure, moftly convex with little 
grooves on one- fide, and concave on the other. The colour 
of good cochenille is grey mixed with reddifh and white. It 
is at prefent well determined that it is an infect. Simple 
inflection with, a magnifier fufficiently proves this; and the 
wings and feet of this infect may be developed by expofing 
it to the vapour of boiling water, or by digefting it with 
vinegar. The cochenille is collected in Mexico, upon plants 
to which the names of Indian Fig, Raquette Nopal, are gU 
ven. Thefe plants bear fruits which reicmble our figs ; 
tinge the urine of thofe who eat them ; and probably com- 
municate to the cochenille the property which makes it ufe- 
ful to the dyer. The Indians of Mexico cultivate the nopal 
near their habitations, and fow as it were the infect which 
affords the cochenille. They make fmall nefh of mofs or 
fine herbs, put twelve or fourteen cochenilles into each neft, 
place three or four of thefe neiis on each leaf of the nopal, 
and fallen them there by the prickles of the plant : in the 
courfe of a few days, thoufands of fmall infects ifTue out, 
and fix themfelves upon the parts of the leaf Which are belt 
Sheltered, and afford the mod nourimment. The coche- 
nilles are collected feveral times in the courfe of the year : 
and are deprived of life by fcalding them, or by putting 
them into an oven ; after which they are dried in the fun. 
Two kinds of cochenille are diilinguifhed : the one which 
is produced without culture, and is' called Sylveftre ; and 
the other cultivated, which is railed Mefteque. This laft 
is preferred. It has been calculated, in the year 1736, that 
gight hundred and eighty thoufand pounds weight ofifcoche- 
ily imported into Europe. Mr. Ellis has 
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communicated a very good defcription of the cochenillc to 
the Royal Society of London. 

This fubilance is more efpecially ufed in dying : its colour 
takes readily upon wool ; and the moil: fuitable mordanr is 
the muriate of tin. Mr. Macquer has difcovered a method 
of fixing this colour upon filk, by impregnating the filk with 
a folution of tin before it is plunged into the bath of co he- 
nille ; inftead of mixing a folution in the baths, as is done 
for woollens. 

4. Kermes. — Kermes is a kind of excrefcence, of the fize 
of a juniper-berry, which is greatly employed in medicine 
and the arts. 

The tree which bears it is.known by the name of Quercus 
Ilex. It grows in hot countries; in Spain, Languedoc, Pro- 
vence, &c. The female of the coccus fixes itfelf on the 
plant; it has no wings, but the male has. When fhe is fe- 
cundated, flie becomes large by the developement of her 
eggs; (lie perifhes, and the eggs are hatched. It is collect- 
ed before the developement of the eggs; for whi' h purpofe, 
the morning is taken, before the heat has a&ed upon the 
eggs. The grains are collected and dried, to develope the 
red colour; they are then fifted, to feparate the powder ; : 
and lallly they are fprinkled with good vinegar, to kill the 
infe&, which would otherwife come forth in a fhort time. 

Kermes is much ufed in the arts: it affords a good red, but 
lefs brilliant than that of the cochenille. 

Avery celebrated fyrup of kermes is made, by mixing 
three parts of fugar with one of the grains of kermes pulve- 
rized. This mixture is kept for a day in a cool place: the 
fugar during this time unites with the juice of the kermes ; 
and forms with it a liquor which, when drawn off by expref- 
fion, has the confidence of fyrup. Ihe celebrated confectio 
alkermes is made with this fyrup. 

The grains of kermes given in fubftance, from half a 
fcruple to a gros or dram, are celebrated for preventing 
abortion. 

The grain and the fyrup of kermes are an excellent flo- 
machic. 

5. Lac, or gum-lac. — This is a kind of wax, collected by 
red winged ants from flowers in the Eaft-Jhidies, which they 
tranfport to the fmall branches of the tree where they make 
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their nefts. The nefts are full of fmalll cells, in which a 
red grain is found when the mafs is broken. This fmall 
grain is, to all appearance, the egg from which the flying 
ant derives its origin. 

Mr. GeofFroy has proved, in a Memoir inferted among 
thofe of the Academy for the year 17 1 4, that this mult have 
been a kind of comb, approaching to the honeycomb of 
bees, the cells of which are formed of a fubftance analogous 
to wax*. ' 

The colouring part of lac may be taken up by water, 
which, when evaporated, leaves the colouring principle dif- 
engaged. It is the fine lake ufed for dying. Lake is imita- 
ted by extracting the colouring principle of certain plants by 
Well-known proceii'es. 



CHAPTER XL 

Concerning fome other Acids extracted from the Animal Kingdom, • 

y 

INDEPENDENT of the acids afforded by the va- 
rious parts of the human body, which have been feparately 
examined by us, we find acids in mods infects. Lifter points 
out one which may be extracted from millepedes (Collect; 
Acad. torn. ii. p. 303). Mr. Bonnet has obferved that the 
fluid ejected by the great forked-tail caterpillar of the wil- 
low, was a true acid, and even very active (Savans Etrangers, 
torn. ii. p. 276): Bergmann compares it to the mod concen- 
trated vinegar. The abbe Boiifier de Sauvages has remark- 
ed, that in that illnefsof the filk-worm, which is called muf- 
cardin, the humour of the worm is acid. Mr. Chatiflier of 
Dijon obtained an acid from grafs-hoppers, from the May- 
bug, from the lampyris, and feveral other infects, by digest- 
ing them in alcohol. The fame chemifl has made- an inte- 
refting courfe of experiments on the acid of the filk-worm. 
He gives two methods of extracting it. The firfl confifts in 

* For a defcription and drawing of the infect which affords the lac, 
confult Keir in the Philof. Tranf. vol. lxxi. p. 374; alfo Saunders, in.tlie 
fame work, vol. lxxix. for the method of purifying the lac; or a fhort 
abridgment of both, in Nicholfon's Firfl Principles of Chemiftry, p. 400. 

T. 
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bruifing the cbryfalides, and {training them through a cloth. 
The fluid which pafTes isflrongly acid; but the acid is weak- 
ened by various foreign Jubilances, of which it may be clear- 
ed by digeftion in fpirit of wine. The fluid which partes the 
filtre after this digeftion, is of a fine orange colour. More 
fpirit of wine is to be poured upon it. At every addition 
of fpirit a light whidih precipitate is formed; and the addi- 
tions of fpirit are to be continued until no more precipitate 
appears. 

Inftead of bruifing the chryfalidcs they may be infufed 
in fpirit of wine, which diffolves all the acid; and as this 
acid is lefs volatile than the fpirit, this lait may be evaporated* 
■and the reiidue filtered. By thefe precautions the acid may 
be cleared of its fpirit of wine, and. of the mucous matter 
which was di Solved, but remains on the filtre. 

Mr. Chauilier has proved that this acid exifis in all the 
flates of the ink-worm, even in the eggs; but that in the 
egg and in the worm it does not exid in a difengaged flates 
but combined with a gummy glutinous fubftance. 

The acid of infers which is belt known, and upon which 
moll: has been written, is the acid of ants, or the formic acid. 
This acid is fo for in a difengaged (late, that the tranfpiration 
of thefe animals, and their ample contact without any alte- 
ration, proves its exiftence. 

■ The authors of the fifteenth century had obferved, that- the 
.flower of chickory thrown into an ant-hii! becomes as red as 
blood. — See Langham, Hieronimus Tragus, John Bauhin. 

Samuel Fi flier is the firfl who di (covered the acid of ants, 
in a courfe of experiments for the analyfis of animal fubflan- 
ces by diflillation. He even tried its a&ion on lead and 
iron; and communicated his obitrvations to J. Vray, who 
inferted than in the Philoibphical Tranfadrions in the year 
1670. But it was the celebrated M&rgraaf who more 
ticularly examined the properties of this acid in 1749. He 
combined it with many fubftanccs, and concluded that it 
greatly refenibled the acetous acid. In 1777 this fubject 
was again refumed by MeflYs. ArdvidiTon and Oerhn; and 
treated in a manner which leaves little to be defired, in tricir 
dhTertationpublimed at Leipfic. 

The ant which affords the greatefl quantity of acid, is the 
large red ant which is found in dry and elevated places. 
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The months of June and July are mod favourable for the 
extraction of this acid: they are then fo penetrated with it, 
that their fimple palling over blue paper is fufiicient to turn 
it red. 

Two methods may be ufed to obtain this acid ; diftiilation 
and lixiviation. 

To extract the acid by didiilation, the ants are firft: dried 
by a gentle heat, and put into a retort, to which a receiver is 
adapted, and the fire is raifed by degrees. When all the 
acid is come over, it is found in the receiver mixed with a 
fmall quantity of ernpyreumatic oil, wbiefe floats upon it, and 
may be feparated by a funnel. Meffh. ArdvidiTon and 
Oerhn obtained, in this manner, from each pound of ants 
feven ounces and a half of an acid whofe fpecinc gravity, at 
the temperature of fifteen degrees, was to that of water as 

I.OO75 t0 *5 OOC "3- 

In the prccefs of lixiviation, the ants are warned in cold 
water; and boiling water is afterwards poured over them, 
which is filtered when cold, More boiling water is poured 
over the refidue, and likewife filtered when cold. By this 
means one pound of ants affords a pint of acid as flrong as 
vinegar, and of a greater foecific gravity. Mefirs. Arclvidf- 
fon and Oerhn are of opinion that this acid might be iubfti- 
tuted inftead of vinegar for domestic ufes. 

The acid obtained by thefe proceffes is never pure; but 
it may be purified by repeated diftillations, which difengage 
the ponderous and volatile oil, and render the acid as clear as 
water. This acid, when rectified by this procefs, was found 
by Mefirs. Ardvidflbn and Oerhn to have a fpecinc gravity 
of 1,001 1 to 1. 

The acid of ants may likewife be obtained by placing linen 
cloths impregnated with alkali in an ant-hill. From thefe 
the formiate of pot-afti, of foda, and ammoniac, may be ob- 
tained by lixiviation. The formic acid has fome refem- 
blaiace to the acetous acid; but the identity of thefe two 
acids has not yet been proved. Mr. Thouvenel found more 
analogy between it and the phofphoric acid: but all this 
wants proof. 

The formic acid retains water with fo much force, that it 
>t be entirely dee-rived of it by diltillation. When it is 
4T 
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exceedingly pure, its fpeciflc 'gravity is to that of water as 

1 ? o453J° *• 

It ailects the nofe and the eyes in a peculiar manner, 
which is not difagreeable. Its taftc is penetrating and 
burning when pure, hut agreeable when diluted with water. 

Ii" poffefTes all the characters of acids. 

When boiled with the fulphuric acid, it turns black as 
foon as the mixture is heated. White penetrating vapours 
arife; and when it boils a gas is emitted, which unites diffi- 
cultly with diftilled water, or with lime-water. The formic 
acid is decompofed in this operation, for it is obtained in lefs 
quantity. 

The nitric acid diftilled from it, deftroys it completely; a 
gas arifes which renders lime-water turbid, and is difficultly 
and fparingly foluble in water. 

The muriatic acid only mixes with it, but the oxigenated 
muriatic, acid decompofes it. 

Meffrs. Ardvidfibn and Oer'hn have determined the affi- 
nities of this acid with various bafes in the following order : 
barytes, potafh, foda, lime, magnefia, ammoniac, zinc, man- 
ganefe, iron, lead, tin, cobalt, copper, nickel, bifmuth, 111— 
ver, alumine, effential oils, water. 

This acid mixes perfectly with fpirit of wine. It unites 
difficultly with the fixed oils, and with the volatile oils, by 
the affiftance of heat. It attacks foot; affurnes a fawn co- 
lour; and lets fail a brown fediment as it cools, which by 
didillation affords a liquor of a yeilowilli colour and a dif- 
agreeable fmell, accompanied with elailic vapours. 



CHAPTER XI. 

Con.xTtv.n;; Putrefaction, 



jljVERY living body, when once deprived of life, 
performs a retrograde procefs, and becomes decompofed. 
This decompofition is called Fermentation in vegetables, and 
Putrefaction in animal fubflances. The fame caufes, the 
fame agents, and the fame circumftances, determine and fa- 
vour the decompofition of vegetables and animals, and the 
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difference cf the productions which ase obtained, arifes from 
the difference of the confiitucnt parts of each. 

Air is the principal agent of animal decompofition, hut 
Water and heat prodigiously facilitate its action. " Ferm'eii- 
tatio ergo deiinitur quod file orporis deniioris rarefactio, par- 
ticularumque aerearum interpcfltio: ex quo concluditur de- 
bere in acre fieri nee nimium frigido, ne rarefactio impedia- 
tur; nee nimium calido, ne partes raribiles expellantur." — 
Becher, Phyf. Sub. lib. i. f. 5. p. 313. edit. Francofurti. 

An animal fubftance may be preferred from putrefaction 
by depriving it of the contact of air; and this procefs may 
be accelerated or retarded by varying or modifying the pu- 
rity of the fame fluid. 

In thofe eircumilances wherein we fee putrefaction develo- 
ped without the contact of atmofpherical air, the effect is 
produced by the water which impregnates the animal fub- 
ftance, which becomes decompofed, and affords the element 
and the agent of putrefaction. Hence no doubt it arifes that 
putrefaction is obferved in flefh clofed in a vacuum. — See 
Lyons, Tertamen de Putrefactione. 

Moifture islikewife an indifpenfable requifiie to facilitate 
putrefaction; and any fubftance may be defended from this 
change by completely drying it. This was performed by. 
Villaris and Cazalet of Bordeaux, by means of ftoves. The 
meat thus prepared was preferved for feveral years without 
having contracted any bad flavour. The fands and light po- 
rous earths preferve the bodies of men only by virtue of the 
property of exhaufting their juices, and drying the folids. 
From this cav.fe it is that entire caravans have been difcover- 
ed in Arabia, confiding of men and camels perfectly prefer- 
ved in the fands under which the impetuous winds have bu- 
ried them. In the library of Trinity College of Cambridge, 
in England, a human body may be feen perfectly preferved, 
which was found under the fand in the ifland of Teneriile." 
Too much humidity impedes putrefaction, according to the" 
observation of the celebrated Bech'er: ." Nimia quoque hu- 
miditas a putrefactione impedit, prout nimius calor; nam. 
corpora in aqua potius gradatitn confumi quam putrefcere, ft. 
nova femper affluens fit, experientia docet: unde IB&go tem- 
pore integra interdum fubmerfa prorfus a putrefa6tione irii- 
munia vidimus; adeo ut ncbi: ah/r.ando ft>ecuhitio ocenrre-- 
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ret, traftanclp, tali mcdo cadgtveta'ariatotfliaS fubjiciendo, quo 
diutius a fcetore et putrefactione iramunia forent." Phyf. 
Sub. lib. i. f. 5. cap. i«.p. 277. 

In order therefore that a body may putrefy, it is necef- 
fary that it fliouid be impregnated with water, but not that 
k fhould be inundated. It is likewife neceiTary that this 
water fliouid remain in the texture of the animal body, with- 
out being renewed. This condition is requifite — 1. To 
diffolve the lymph, and to prefent to the air themoft putref- 
cible fubitance with the greateit extent of furface. 2. In or- 
der that the water may itfelf become decompofed, and by 
this means afford the putrefactive principle. Putrefaction is 
retarded and iufpended by h..! ing, became the fiefh is dried, 
and by that means deprived of the humidity, which is one of 
the mod active principles of its decompofition. 

A moderate degree of heat is likewife a condition favour- 
able to the animal decompofition. By this heat the affinity 
of aggregation between the parts is weakened, and confe- 
quently they afiume a furonger tendency to new combinations. 
Hence it arifes that fleih meat keeps longer during the win- 
ter than the fummer, and better in cold than in hot countries. 
Becher has given a very intelligent fketch of the influence 
©f temperature on animal putrefaction; " Aer calidus et 

humidus maxime ad putrefactionem facit corpora 

fY'^ida et ficca difficukcr, imo aliqua prorfus flon putrefcunt, 
qupe ab imperitis proinde pro fanctis habita fuere; ita aer 
frigidus et iiccus, imprimis calidus et flccus, a putrefactione 
quoqiie preferyatj quod in Ilifpania videmus, et locis aliis 
calidis, flVco, calidb acre prseditis, ubi corpora non putref- 
cunt et reiolvantur; nam cadavera in oriente in arena, imo 
apud nos arte in fufhis, nccari, et fie ad flnem mundi ufque 
a putredine 1 iri 3 certunieft: intenfum quoque frigus 

a putredine pijefervare; unde corpora Stockholmise tota 
hyeme in patibulo fiifpenfa fine putredine animadvertimus," 
Phyf. Sub. 1. i. cap. i. 

Such are the caufes which are capable of determining and 
favouring putrefaction; and hence we may perceive the beft 
Xneans of preventing, increafmg, or modifying it at pleafure. 
A body Will be preferveci from putrefaction by depriving it 
of the contact of atmofpherical air: for this purpoie noihing 
to place the body in a vacuum, or to 
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envelop it in a covering which may defend it from the imme- 
diate action of the air; or elfe to envelop it in an aimoi- 
phere of fome gafeous fubftance which does not contain vital 
air. We {half obferve, on this fubjeft, that the effects cb- 
ferved in fleih expofed in the carbonic acid, nitrogene gas, 
&c. are referable to a fimilar caufe; and it appears tome 
that it is without fufficient proof that a conclufion has been 
drawn, that thefe fame gafes, internally taken, ought to be 
confidered as antifeptic; becaufe, in the cafes we have men- 
tioned, they aft only by defending the bodies they furronud 
from the contact of vital air, which is the principle of putre- 
faction. Putrefaction may be favoured by keeping bodies 
at a fuitable temperature. A degree of heat from fifteen to 
twenty-five degrees diminiihes the adhefion of the parts, and 
favours the aftion of the air : but if the heat be greater it 
volatilizes the aqueous principle, dries the folids, and retards 
the putrefaction. It is neceffary, therefore, for the decom- 
position of an animal— i. That it have the contact of atmof- 
pheric air; and the purer this air is, the more fpeedy will 
be the putrefaction. 2. That it be expofed to a moderate 
degree of heat. 3. That its texture be impregnated with 
humidity. — The experiments of Pringle, Macbride, Gardane 
have likewife {hewn us, that putrefaction may be battened 
by fprinkling the animal fubftances with water containing a 
fmall quantity of fait; and it is to a like caufe that we ought 
to refer feveral procefles ufed in kitchens to produce this ef- 
fect in food, as well as in the preparation of cheefc, the curing 
of tobacco, the making of bread, &c. 

Becher exprefTes himfelf as follows on the caufes which 
produce putrefaction in living bodies: — " Caufa putrefac- 
tionis primaria defeftus fpiritus vitalis balfamini eft; fecun- 
daria, deinde, aer externus ambicus, qui interdum adeo pu- 
trefaciens ethumidus-calidus eft, ut fuperftitem in vivis etiam 
corporibus balfaminum fpiritum vincat, nifi confortando au- 
geatur; ex quo colligi poteft, prefervantia a putredine fubtilia 
ignea oleofa effe debere."— This celebrated chemift con- 
cludes, from the fame principles, that ligatures, copious 
bleedings, or any debilitation whatever, determines putre- 
faction. He likewife thinks that aftringcnts oppofe putre- 
faction only by condenfmg the texture of the animal parts ; 
for he coafiders rarefaction or relaxation as the firft effect of 
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faction. He thinks that fpirituous liquors aft as antir 
pti refcent fflefely by animating and Simulating the visvitce. 
i h affirms that the life of faked meats, which heat much, 
affifteil by the moifture very common in fhips and fea pons, 
produces the fcurvy; and he obferves, with reafon, that the 
tendency and effect of putrefaction are diametrically oppofite 
to thofe of generation : " nam ficut in generatione partes 
coagulantur et in corpus formantur, ita in putrefaclionc 
partes refolvuntur et quail inform es fiunt." 

As the phenomena of putrefaction vary according to the 
nature of the fubftances themfelves, and the circumftances 
which accompany this operation, it follows that it niuft be 
very difficult to defcribe all the phenomena which it exhibits. 
We fhall therefore endeavour to trace only thofe which ap- 
pear to be the moft condant. 

Every animal fubdance expofed to the air at a tempera- 
ture above ten degrees of Reaumur, and moidened with its 
own ferous humour, putrefies; and the progrefs of this alte- 
ration appears in the following order. 

The colour firft becomes pale; its confidence diminiilies ; 
its texture becomes relaxed; the peculiar fmell of fredi meat 
difappears, and is fucceeded by a faint and difagreeable fmell. 
The colour itfelf at this time inclines to blue ; as we fee in 
game which begins to turn, in wounds which fall into fup- 
puration, in the various parts threatened with gangrene, and 
even in that putrefaction of the curd which forms cheefe. 
Moft of our food differs the nrd degree of putrefaction be- 
fore we ufe it. 

After this firft period the animal parts become more and 
more foftened, the fmell becomes fetid, and the colour of an 
obfeure brown ; the fibrous part eafily breaks; the texture 
becomes dry, if the putrefaction be carried on in the open 
air; but the furface becomes covered with fraa.ll drops of 
fluid, if the decompofition be made in vefiels which op pofc 
its evaporation. 

To this period fucceeds that which mod minutely charac- 
terizes animal putrefaction. The putrid and naufeous fmell 
which v,t.s -anifeftedin the fecond degree, becomes mixed 
with a fmell of a more penetrating kind, arifing from the d\U 
engagement of ammoniacal gas: the mafs becomes dill lefs 
and lefs confident. 
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• The lafl: degree of decompofnion has its peculiar charac- 
ters. The fmell becomes faint, naufeous, and exceedingly 
active. This, more efpecially, is contagious, and tranf- 
mits the feeds of infection to a great diftaa.ee. : it is a true 
ferment, which depofits itfelf upon certain bodies, to ap- 
pear again at long intervals. Van Swieten reports, that 
the plague having appeared at Vienna in 1677, and having 
again appeared in 17 13, the houfes which had been in- 
ferred at its firfl: appearance were likewife infected at the 
fecond. Van Helmont afferts that a woman contracted an 
anthrax at the extremity of her fingers, in confequence of 
having touched papers impregnated with peftilential virus. 
Alexander Benedictus has written that pillows re-produced 
the contagion feven years after having been infected ; that 
cords had remained infected for thirty years, and likewife 
communicated' it, according to Foreftus. The plague at 
Meffiria was for a long time concentrated in the warehoufes 
where merchandize was inclofed with fufpecled bales. 
Mead has tranfmitted the moil alarming facts concerning 
the durable impreffion of contagion. 

When the putrefying fubflance is in its laft ftage, the 
fibrous texture is fcarcely difcernible, and has no longer 
any appearance but that of foft, diforganized apd putrid 
mafs. Bubbles are feen to efcape from the furface of this 
matter ; and the whole ends by its drying, and becoming 
reduced to an earthy matter, which is friable when taken 
between the fingers. 

We do not fpeak of the production of worms ; becaufe 
it appears to be proved that they owe their origin only to 
the flies which endeavour to depofit their eggs upon fuch 
bodies as are bed fuited to fupport the young they contain. 
If flefh meat be well warned, and left to putrefy under a 
fieve, it will pafs through all the degrees of putrefaction 
without the appearance of worms. It has been obferved 
that worms are of a different fpecies, according to the na- 
ture of the difeafe, and the kind of animal which putrefies. 
The exhalation which arifes from bodies, in thefe different 
cafes, attracts different fpecies of infects, according, to its 
nature. The opinion of thofe who believe in . fpontaneous 
generation, appears to me to be contrary to the experience 
and wifdom of nature, which cannot have committed the 
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re-production and number of the fpecies to chance. The 
progrefs of nature is the fame for all the ciaifes of in- 
dividuals ; and fittee it is proved that all the known fpe- 
cies are reproduced in one and the fame manner, how can 
we fuppofe that nature departs from her plain and general 
laws for the fmall number of individuals whofe generation is 
lefs known to us ? 

Becher had the courage to make obfervations, during 
the courfe of a year, upon the decompofition of a carcafe 
in the open air ; and to obferve all the phenomena. The 
firft vapour which rifes, fays he, is fubtile and naufeous : 
forne days after, it has a certain four and penetrating fmell. 
After the firlt weeks, the ikin becomes covered with a 
down, and appears yellowifli ; greenifh fpots are formed 
in various places, which afterwards become livid and black ; 
a thick moffy or mouldy fubftance then covers the greated 
part of the body ; the fpots open, and emit a fanies. 

Carcafes buried in the earth prefcnt very different phe- 
nomena ; the decompofition in aburying-ground is at leafl 
four times as flow. It is not perfectly ended, according to 
Mr. Petit, till three years after the body has been interred, 
at the depth of four feet ; and it is flower in proportion as 
the body is buried at a greater depth. Thefe facls agree 
with the principles which we have already eftablifhed for 
bodies buried in the earth, and fubje&ed to laws of de- 
compofition very different from thofe which take place in 
bodies expofed to the open air. In this cafe the decompo- 
fition is favoured by the waters which filter through the 
earth, and diffolve and carry with them the animal juices. 
It is alfo favoured by the earth, which abforbs the juices 
with more or iefs facility. MefTrs. Lemery, Geoffrey, and 
Hunaud have proved that argillaceous earths exert a very 
flow action upon bodies ; but when the earths are porous 
and light, the bodies- then dry very fpeedily. The feveral 
principles of bodies abforbed by the earth, or carried by 
the vapours, are dilperfed through a great fpace, imbibed 
by the roots of vegetables, and gradually decompofed. 
This is what paifes in burying-grounds in the open air ; bur. 
it is very far from being applicable to the fepulchres which 
are made in churches and covered places. Here is neither 
water nor vegetation j and confequently no cauie which can 
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carry away, diflblve, or change the nature of the animal 
fluids: and I cannot but applaud the wifdom of government, 
which has prohibited the burying in churches; a practice 
which was once a fubject of horror and infection. 
, The accidents which have happened at the opening of 
graves and vaults^are but too numerous, to render any apo- 
logy neceiTary for our fpeaking a few words refpecting the 
method of preventing them. 

The decompofition of a body in the bowels of the earth 
can never be dangerous, provided it be buried at a fufficiertf 
depth, and that the grave be not opened before its entire 
and complete decompofition. The depth of the grave ought 
to be fuch that the external air cannot penetrate it; that 
the juices with which the earth is impregnated may not be 
conveyed to its furface; and that the exhalations, vapours, 
or gales, which are developed or formed by decompofition, 
fiiould not be capable of forcing the earthy covering which 
detains them. The nature of the earth in which the grave 
is dug, influences all its effects. If the flratum which co- 
vers the body be argillaceous, the depth of the grave may 
be lefs, as this earth difficultly affords a paffage to gas and 
vapour; but in general it is admitted to be neceiTary that 
bodies fhould be buried at the depth of five feet, to prevent 
all thefe unhappy accidents. It is likewife neceflary to at- 
tend to the circumflance, that a grave ought not to be open- 
ed before the complete decompofition of the body. This 
decompofition, according to Mr. Petit, is not perfect until 
the expiration of three years, in graves of four feet depth ; 
or four years, when they are fix feet deep. This term af- 
fords many varieties, according to the nature of the earth, 
and the conflitution of the fubjecls buried in it; but we may 
confider it as a medium. The pernicious cuftom which al- 
lows a fmgle grave to families more or lefs numerous, ought 
therefore to be fuppreffed; for in this cafe the fame grave 
may be opened before the time prefcribed. Thefe are abufes 
which ought to occupy the attention of government ; and it 
is time that the vanity of individuals fhould be facririced to 
the public fafety. It is likewife neceflary to prohibit bury- 
ing in vaults, and even in coffins. In the firft cafe, the 
principles of the bodies are fpread into the air, and infect 
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it; in the fecond, their decompofition is flower and lefs 
perfect. 

If thefe precautions he neglected; if the dead bodies be 
heaped together in too confined a fpace; if the earth be not 
proper to abforb the juices, and decompofe them ; if the 
grave be opened before the entire decompofition of the body 
— unhappy accidents will, no doubt, be produced ; and thefe 
accidents are but too common in great towns where every 
wife precaution is neglected. An inftance of this happened 
when the ground of the church of St. Benoit at Paris was 
dug up a few years ago: a naufeous vapour was emitted, 
and feveral of the neighbours were affected by it. The 
earth which was taken out of this grave was unctuous, vif- 
cid, and emitted an infectious fmell. MeiTrs. Maret and 
Navier have left us feveral fimiiar obfervations.- 



CoNCERNING MINERAL WATERS. 






JL HE name of Mineral Water is given to any 
water whatever which is fufficiently loaded with foreign 
principles to produce an effect upon the human body, dif- 
ferent from that which is produced by the waters commonly 
ufed for d;ink. 

Men, doubtlefs, were not long in attending to the differ- 
ences of waters. Our anceftors appear even to have been 
more (trictly attentive than onrferves to procure wholefome 
drink. It was almoft always the nature of the water which 
determined their preference in the fituation of towns, the 
choice of habitations, and confequently the union of citizens. 
The fmell, the talte, and more efpeeially the effects of wa- 
ters upon the animal economy, have been thought fufficient, 
during a long time, to determine their nature. We may 
fee, in the writings of Hippocrates, how much obfervation 
and genius are capable of performing in fubjects of this na- 
ture. Xhis great man, of whom it would afford but a very 
imperfect idea to confider him merely as the father of Me- 
dicine, was fo well acquainted with the influence of water 
upon the human body, that he affirms that the mere quality 
©f their uiual drink is capable of modifying and producing 
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^difference between men ; and he recommends to yotmg 
phyficians to attend more particularly to the nature of the 
waters their patients ought to ufe. We fee the Romans, 
who were frequently under the necefli'ty of fettling in parch- 
ed climates, ipared no exertions to procure wholefomc wa- 
ter to their colonies. The famous aqueduct which carried 
the water of Uzes to Nifmes, is an un: -qui vocal proof of 
this; and we ftiii poffefs feveral mineral fprings at. which 
they formed colonies, for the advantage of the bath:;. 

It was not till near the feventeenth century that the ap- 
plication of chemical methods to the examination of waters 
was firft made. We are indebted to rhe pr.efent revolution 
cf chemilt ry for the degree of perfection to which this ana- 
lysis has been carried. 

The analyfis of waters appears to me to be iieceffary, in 
order — 

i . That we may not make ufe of any water for drink but 
fach as is wholefome. 

2. That we may become acquainted with thofe which 
poffefs medicinal virtues, and apply them to the ufes to which 
they are fuited. 

3. To appropriate to the different works or manufactories 
that kind of water which is the bed calculated for their rei- 
peclive purpofes. 

4. To correct impure waters, or luch as are either impreg- 
nated with any noxious principle, or charged with any fait. 

5. To imitate the known mineral waters, in all places am, 
at all times. 

The analyfis of mineral waters is one of the molt difficoh 
problems of cbemiftry. In order to make a perfect 'analyfi? • 
it is neceffary to be aware of all the diiiinftive characters ol 
the fubftances which may be held in folution in any water. 
The operator mult be acquainted with the means of feparat- 
ing from analmofi infenfible refidue the different fubftances 
which compofe it. He muft be able to appreciate the na- 
ture and quantity of the products which are carried off by 
evaporation; and likewife toafcertain whether certain com- 
pounds are not formed by the operations of his analyfis, 
while others may be decompofed. 

The fubftances contained in waters are held either in fvS- 
penfion or in folution. 
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i. Thofe fubftances which are capable of being fufpend- 
ed in waters are, clay, filex in a ftate of divifion, calcareous 
earth, magnefia, &c. 

Thoje which are foluble are, pure air, the carbonic acid, 
pure or compound alkalis, lime, magnefia, the fulphates, the 
muriates, the extractive matter of plants, hepatic gas, &c. 
The mod ancient, the mod general, and the mofl fnnple di- 
vifion of mineral waters, is that which 'diltinguifhes them 
into cold waters and hot or thermal waters, accordingly as 
their temperature is the fame, or exceeds that of common 
water. 

A divificn founded on the ieveral qualities of thefe waters, 
will arrange them in four clarks. 

I. Acidulous or Gafeous Waters. — Thefe are known by 
their penetrating tafte; the facility with which they boil ; 
the diiengagement of bubbles by fimple agitation, or even 
by mere Handing; the property of reddening the tincture 
of turnfole; the precipitating lime-water, &c. 

They are either cold or hot. The flrit are thofe of Seltz, 
of Chateldon, of Vals, of Perols, &c. The fecond are thofe 
of Vichi, of Montd'or, of Chatelguyon, &c. 

II. Saline waters, properly fo called. — Thefe are charac- 
terifed by their faline tafte, which is modified according to the 
nature of the falts they contain. The falts mod generally 
found in waters are, the muriate of magnefia, the fulphates 
of foda, of lime, &x. Our waters of Balaruc, of Yeufet, 
&c. are of this nature. 

III. Sulphureous Waters. Thefe waters have long been 
confidered as holding fulphur in folution. MeiTrs. Venel 
and Monnet oppoied this affertion. Bergmann has proved 
that mofl of thefe waters are merely impregnated with he- 

• patic gas. It appears, however, that there are fome which 
hold true liver of fulphur in folution, fuch as thofe of Bare- 
ges and of Cotteret; whereas the waters of Aix la Chapelle, 
Montmorency, &c. are of the nature of thofe mentioned by 
Bergmann. We may, with Mr. De Pcurcroy, call the firft 
by the name of Hepatic Waters, and the latter by the name 

/tt • i tit J 

piTiepanzed Waters. 

This clafs is known by the fmell cf rotten eggs which 
, they emit. 
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IV. Martial Waters.— Thefe have the property of exhi- 
biting a blue colour by the folution of pruffiate of lime: they 
have befides a very evident aftringent tafte. The iron is 
held in folution either by the carbonic or the fulphuric acid. 
In the firft cafe the acid is either in excefs, and the water 
has a penetrating fubacid tafte, as the waters of Bufiang, Spa, 
Pyrmont, Pougue, &c: or the acid is not in excels, and 
confequently the waters are not acidulous; fuch are the 
waters of Forges, Conde, Aumale, &c. Sometimes the 
iron is combined with the fulphuric acid, and the water holds 
in folution a true fulphate of iron. Mr. Opoix admits this 
fait in the waters of Provins; and thofe of Rougne near 
Alais are almoft faturated with it. Mineral waters of this 
quality are frequently found in the vicinity of ftrata of py- 
rites. There are feveral near Amalou, and in the diocefe 
of Uzes. 

There are fome waters which may be placed indifcrimi- 
nately in feveral of the claries. Thus, for example, there 
are faline waters which may be confounded with gafeous 
waters, becaufe air is conftantly difengaged from them. The 
waters of Balaruc are of this kind. 

We do not comprehend among mineral waters thofe which 
fuffer gas to efcape through them, without communicating 
any chara&eriftic property; fuch as the burning fpring of 
Dauphiny, &c. 

When the nature of any water is afcertained, its analyfis 
may be proceeded upon by the union of chemical and phy- 
fical means. I call thofe methods phyfical, which are ufed 
to afcertain certain properties of water without dccompofmg 
them. Thefe methods are, for the mod part, fuch as may 
be carried into effecl at the fpring itfelf. The appearance, 
the fmell, and the tafte afford indications by no means 10 be 
neglected. 

The limpidity of any water indicates its purity, or at lead the 
accurate folution of the foreign principles it may contain ; an 
imperfect tranfparency denotes that foreign fubflances are 
fufpended. Good water has no fmell: the fmell of rotten 
eggs denotes liver of fulphur, or hepatic gas; a fubtle and 
penetrating. fmell is proper to acidulous waters; and a fetid 
fmell characterizes ftagnant waters. 

r Ihe bntcrnefs of waters in general depends on neutral 
(alts, Lime, and the fulphates, give them an auftere tafte. 
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It is likewife of importance to afcertain the fpccilic gra- 
vity of the water, which may be done either by means of 
the areometer, or by the comparifon of its weight with that 
of an equal volume of diflilied water. 

The degree of heat mud likewife be taken by means of a 
good mercurial thermometer. Thermometers made with 
fpirits of wine ought to be rejected ; becaufe the dilatation, 
after the thirty-fecond degree of Reaumur, is extreme, and 
no longer correfponds with the temperature of the water. 
It is interefting to calculate the time which the water requires 
to become cool, in comparifon with diflilied water railed to 
the fame degree of temperature. Notice mud likewife be 
taken whether any fubftance exhales, or is precipitated by 
the cooling. 

The obierver ought likewife to enquire whether rains, 
dry feafons, or other variations of the atmofphere, have any 
influence on the temperature or quantity of water of the 
fpring. If thefe caufes act. upon the fpring, its virtue cannot 
but vary exceedingly. This is the caufe why certain mine- 
ral waters are more highly charged with thefe principles in 
one year than in another; and hence alfo it arifes that cer- 
tain waters produce wonderful effects in fome years, though 
in other feafons their effects are trifling. The celebrated 
DeHaen, who analyfed for feveral fucceflive years all the 
waters in the neighbourhood of Vienna, never found them 
to contain the fame principles in the fame proportion. It 
would therefore be an interefling circumftance, if, at the 
time of taking up or bottling of thefe waters, a ikilful phy- 
fician were to analyfe them, and publilhthe refuit. 

After thefe preliminary examinations have been made at 
the fpring, further experiments mult be made according to 
the methods of chemiftry. Thefe experiments ought to be 
performed at the fpring itfelf : but if this cannot be done, 
new bottles maybe filled with the water ; and, after clofing 
them very accurately, they may be carried to the laboratory 
of the chemifl, who muff proceed to examine them by re- 
agents, and by the method of analyfis. 

I. The fubftances contained in water are decompofed by 
means of re-agents ; and the new combinations or precipi- 
tates which are formed, immediately point out the nature of 
the principles contained in the waters. Their scions 

and the only necdlary re-agents are the following : 
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i. Tinware of turnfole becomes red by its mixture with 
acidulous waters. 

2. Praffiate of lime, and that of ferruginous pot-afh not 
faturated, precipitate the iron contained in a mineral water 
of a blue colour. 

3. The very concentrated fulphuric acid decompofes mofr. 
neutral falts ; and forms with their bafes falts very well 
known, and eafily diftinguimed. 

4. The oxalic acid, or acid of fugar, difengages lime from 
all its combinations, and forms with it an infoluble fait. 

The oxalate of ammoniac produces a more fpeedy effect ; 
for, by adding a few cryftals of this fait to water charged 
with any calcareous fait, an infoluble precipitate is inftantly 
formed. 

5. Ammoniac or volatile alkali affords a beautiful blue 
colour with the folutions of copper. When this alkali is 
very pure, it does not precipitate the calcareous fait, but 
decompofes the magnefian only. In order to have it in a 
highly cauftic (late, a fyphon may be plunged in the mine- 
ral water, and ammoniacal gas or alkaline air pafTed through 
it. The water ought to be kept from the contact of the 
atmofphere, which otherwife might occafion a precipitation 
by virtue of its carbonic acid. 

6. Lime water precipitates magnefia ; and it likewife pre- 
cipitates the iron from a folution of fulphate of iron. 

7. The muriate of barytes detects the fmalleft particle of 
fulphuric falts, by the regeneration of ponderous fpar, 
which is infoluble, and falls down. 

8. Alcohol is a good re-agent, on account of its affinity 
with water. 

The nitrates of filver and of mercury may likewife be em- 
ployed to decompofe fulphuric or muriatic ialts. 

II. Thefe re-agents, indeed, point out the nature of the 
fubftances contained in any water ; but they do not exhibit 
their accurate proportions. For this purpofe we are obliged 
to have recourfe to other means. 

There are two things to be confidered in the analyfis of 
any water : i.The volatile principles. 2. The fixed principles. 

1. The volatile principles are carbonic acid gas and hepa- 
tic gas. The proportion of carbonic acid may be afcertain- 
cd by various procefTes. The firlt, which has been uied by 
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Mr. Vend, confifts in half filling a bottle with the gafeou* 
water intended to be analyfed. A bladder is then to be 
tied upon the neck of the bottle, and the water agitated. 
The air which is difengaged inflates the bladder; and by 
.that indication au eftimate may be made of its quantity. 
This procefs is not accurate ; becaufe agitation is not fuffi- 
cient to difengage the whole of the carbonic acid. Neither 
is the evaporation of the water in the pneuntato-chemical ap- 
paratus much more exaft; becaufe the water which rifes with 
the air combines again with it, and the gafeous produft con- 
fifts only of a part of the gas contained in the water. The 
" precipitation by lime-water appears to me to be the mod 
accurate procefs. Lime-water is poured into a determinate 
quantity of the water, until it ceafes to caule any precipitate. 
This precipitate being very accurately weighed, & parts 
of the whole mud be deduced for the proportion in which 
water and earth enter into it; and the remainder is the acid 
.contained in this carbonate of lime. 

Hepatic gas may be precipitated by the very concentrated 
nitric acid, according to the experiments of Bergmann. 

The oxigenated muriatic acid has been propofed by 
Scheele; and Mr. De Fourcroy has pointed out the fulphu- 
reous acid, the oxides of lead, and other re-agents, to pre- 
cipitate the fmall quantity of fulphur held in folution in he- 

patic gas. 

i. "Evaporation is commonly ufed to afcertain the nature 
of the fixed principles contained in any mineral water. Vcf- 
fels of earth or porcelain are the only kind iuitable to this 

P The evaporation mud be moderate; for ftrong ebullition 
volatilizes feme fubftances, and decompofes others. In pro- 
portion as the evaporation proceeds, precipitates are afford- 
ed, which Mr. Boulduc propofes to take out as they are 
formed The celebrated Bergmann advifes evaporation to 
drynefs, and toanalyfe the refidue in the following manner: 
i This refidue muft be put into a fmall phial, and itrong- 
ly agitated with alcohol; after which the fluid muft be til- 

tr3.tcd 

2 Upon the refidue pour eight times its weight of cold 
diftilled water; agitate this, and filter the fluid, after Hand- 
ing feveral hours. 
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3. La.ft.ly, the refidue mufl be boiled for a quarter of an 
hour in five or fix hundred parts of diftilled water, which 
fluid muft be feparated by filtration. 

4. The refi'dtie, which is neither fol r nor in 
alcohol,, mud then [(rened, and expofed for feveral days 
to the fun: by this <. it, the iron which it may con- 
tain, mils. Id muft 1 

which diflblves lime and m is fohitionV evapo- 

rated to drynefs, affords either an e It in fiJan 

which are not deliquefcent, or a ddkjuefceut fait 5 wl 
lad: has magnefia for its b'afe. The irifoluble refwkie contains 
iron and clay, which are to be difTolvecl in the muriatic acid. 
The iron is firit to be precipitated by the prufiiate of lime ; 
and afterwards the clay by another alkali. 

The falts which the alcohol has diffolved, are the muriates 
of magnefia and of lime. They are eafily known by decom- 
pofing them by the fulphuric acid. 

With refpecT: to the falts diffolved in the cold water, they 
muft be flowly cryftallized; and their form, and other obvi- 
ous qualities, will mew what they are. 

The folution by boiling water contains nothing but ful- 
phate of lime. 

When the analyfis of any water has been well made, the 
fynthefis becomes eafy; and the corapofition or perfect imi- 
tation of mineral waters is no longer a problem infoluble to 
chemifts. What, in fact, is a mineral water? It is rain-wa- 
ter, which, filtering through the mountains, becomes im- 
pregnated with the Various foluble principles it meets with. 
Why, therefore, when once we know the nature of I 
principles, can it not be poffible to diffolve them in common 
water, and to .do that which nature itfelf does? Nature is 
inimitable only iji its wal operations; we m - v imitate its 
tfy in all bthe even do bet- 

ter; for we can at pleafure vary the ature and the 

proportions c t parts. The'm ooth, 

improved i f 1.0 compofe any 

ous mmeral • . ■. and 

■to imita waters as contain 

only fixe*d principles. 

THE END. 
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ERR AT A. 



IN fome of the fheets the following inaccuracies appear in the Pre- 
liminary Difcourfe : — Eighth line of the firft page, read principles^ 
initead of priciples — Eleventh line, for manufactures, manufacturers—* 
And, in the third line of the fecond page, for operaters, read ope* 
rators* 
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